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CONSTITUTION OF THE ASSOCIATION OF OFFICIAL AGRICULTURAL 
CHEMISTS AS AMENDED AND ADOPTED NOVEMBER 18, 1914. 

(1) This association shall be known as the Association of Official Agricultural 
Chemists of North America. The objects of the association shall be (1) to secure 
uniformity and accuracy in the methods, results, and modes of statement of analysis 
of fertilizers, soils, cattle food, dairy products, human foods, medicinal plants, drugs, 
and other materials connected with agricultural industry; (2) to afford opportunity 
for the discussion of matters of interest to agricultural chemists. 

(2) Analytical chemists connected with the United States Department of Agricul- 
ture, or with any State, provincial, or national agricultural experiment station or 
agricultural college, or with any State, provincial, or national institution or body in 
North America charged with official control of the materials named in section 1, shall 
alone be eligible to membership; and one such representative for each of these insti- 
tutions or boards, when properly accredited, shall be entitled to enter motions or vote 
in the association. Analytical chemists connected with municipal laboratories 
that perform work upon any of the subjects specified in Paragraph (1) hereof, shall 
be entitled ex officio to associate membership, with the privilege of discussion, 
but without the privileges of entering motions, voting or becoming eligible for 
office. Only such chemists as are connected with institutions exercising official 
fertilizer control shall vote on questions involving methods of analyzing fer- 
tilizers or involving definitions, nomenclature, laws, or regulations relating to ferti- 
lizers. Only such chemists as are connected with institutions exercising official 
cattle-food control shall vote on questions involving methods of analyzing cattle 
foods or involving nomenclature, definitions, laws, or regulations relating to cattle 
foods. Only such chemists as are connected with institutions exercising official food 
or drug control shall vote on questions involving methods of analyzing food or drugs 
or involving nomenclature, definitions, laws, or regulations relating to food or drugs. 
All persons eligible to membership shall become members ex officio and shall be al- 
lowed the privileges of membership at any meeting of the association after presenting 
proper credentials. All members of the association w ho lose their right to such mem- 
bership by retiring from positions indicated as requisite for membership shall be en- 
titled to become honorary members and to have all privileges of membership save the 
right to hold office and vote. All analytical chemists and others interested in the 
objects of the association may attend its meetings and take part in its discussions, 
but shall not be entitled to enter motions or vote. 

(3) The officers of the association shall consist of a president, a vice president, and 
a secretary, who shall also act as treasurer, and these officers, together w r ith two other 
members to be elected by the association, shall constitute the executive committee. 
When any officer ceases to be a member by reason of withdrawing from a department 
or board whose members are eligible to membership, his office shall be considered 
vacant, and a successor may be appointed by the executive committee, to continue 
in office till the annual meeting next following. 

(4) There shall be appointed by the executive committee, at the regular annual 
meeting, from among the members of the association, a referee and such associate ref- 
erees for each of the subjects to be considered by the association as that committee 
may deem appropriate. [Construed by resolution passed in 1911 to mean the out- 
going executive committee; standing rule adopted that the committee consult with 
each referee in the appointment of associates.) 

It shall be the duty of these referees to prepare and distribute samples and stand- 
ard reagents to members of the association and others desiring the same, to furnish 
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blanks for tabulating analyses, and to present at the annual meeting the results of 
work done, discussion thereof, and recommendations of methods to be followed. 

(5) The special duties of the officers of the association shall be further defined, 
when necessary, by the executive committee. 

(6) The annual meeting of this association shall be held at such place as shall be 
decided by the association, and at such time as shall be decided by the executive 
commitee, and announced at least three months before the time of meeting. 

(7) No changes shall be made in the methods of analysis used in official inspection, 
except by unanimous consent, until an opportunity shall have been given all official 
chemists having charge of the particular inspection affected to test the proposed 
changes. 

(8) Special meetings shall be called by the executive committee when in its judg- 
ment it shall be necessary, or on the written request of five members; and at any 
meeting, regular or special, seven enrolled members entitled to vote shall constitute 
a quorum for the transaction of business. 

(9) The executive committee will confer with the official boards represented with 
reference to the payment of expenses connected with the meetings and publication of 
the proceedings of the association. 

(10) All proposed alterations or amendments to this constitution shall be referred 
to a select committee of three at a regular meeting, and after report from such com- 
mittee may be adopted by the approval of two-thirds of the members present entitled 
to vote. 

By-Laws. 

(1) Any amendment to these by-laws or additions thereto may be proposed at a 
meeting of the association and shall be published in the Proceedings. It may then 
be adopted by a majority vote of the association at the next meeting. 

(2) These by-laws or any portion of them may be suspended without previous 
notice by a unanimous vote of those present at any meeting of the association. 

(3) There shall be a committee of nine members which shall be designated as the 
committee on recommendations of referees. The president shall appoint three mem- 
bers of this committee to serve six years, such appointments to be made every other 
year as the terms expire. The chairman of the committee shall be appointed by the 
president and shall divide the nine members into three subcommittees (A, B, and 
C), and shall assign to each subcommittee the reports and subjects it shall consider. 

(4) Each referee shall forward to the chairman of the committee on recommenda- 
tions at least three weeks before the meeting of the association his recommendations 
and a sufficient abstract of his report to enable the committee to act intelligently on 
the recommendations. 

As soon as possible after the annual meeting of the association each retiring referee 
shall transmit a copy of his report and recommendations, together with a statement 
of the action taken by the association upon the same, to the referee for the next year. 
(1911.] 

(5) A method shall not be adopted as provisional or a prov isional method amended 
until such method or amendment has been reported by the appropriate referee and 
published in the Proceedings of the association. 

(6) A method shall not be adopted as official or an official method amended until 
such method or amendment has been recommended as official for at least two years by 
the appropriate referee. 

(7) Each college, experiment station, bureau, board, or other institution entitled 
to representation in the association shall contribute annually $2, and its representa- 
tives shall not be qualified to vote or hold office in the association unless such annual 
dues have been paid, but these shall not be cumulative. 



PROCEEDINGS OF THE THIRTIETH ANNUAL CON- 
VENTION OF THE ASSOCIATION OF OFFICIAL 
AGRICULTURAL CHEMISTS, 1913. 

SECOND DAY. 

TUESDAY— AFTERNOON SESSION. 

W. A. Withers, chairman of the committee appointed to convey an 
invitation to the Secretary and Assistant Secretary of Agriculture to 
address the association, reported that previous engagements would 
prevent the Secretary from accepting but that the Assistant Secretary 
hoped to be at the meeting Wednesday morning. Later engagements 
prevented the Assistant Secretary also from speaking. 

The following resolutions, offered by E. F. Ladd, were passed by the 
association : 

Resolved , That the president and executive committee of this association memo- 
rialize the President and Congress of the United States to enact legislation author- 
izing the Secretary of Agriculture to establish definitions for the better enforcement 
of the food and drugs act of June 30, 1906. 

Resolved, That the president and executive committee of the association be 
instructed and authorized to appoint a committee of three on definitions to cooper- 
ate with a like committee of three already appointed by the American Food and 
Drug Commissioners. 

The members of the committee were announced later as follows: Wil- 
liam Frear, State College, Pa., Julius Hortvet, St. Paul, Minn., and J. P. 
Street, New Haven, Conn. 

R. W. Thatcher made the suggestion that a ten-minute limit be placed 
on the reading of all papers thereafter during the convention and the 
chair so ordered. 

R. N. Brackett reported for the executive committee the following 
resolution : 

Resolved , That the incoming president shall appoint a committee of three to 
contract with a responsible publisher to publish the Proceedings of the association; 
a definite number of copies to be cont racted for and to be furnished to the Association 
at a reduced price. 

This resolution was adopted by the association with the following 
supplementary motion by William Frear: 

Resolved , That should the said committee of publications find the method out- 
lined by the executive committee to be impracticable, they be further authorized 
to adopt such other means as in their judgment shall be best for the accomplish- 
ment of the end. 
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REPORT ON MEAT AND FISH. 

By W. B. Smith, Associate Referee . 

STARCH. 

The methods offered to the association last year were studied compara- 
tively this year. They are as follows: 

TRICE METHOD. 

Treat in a 200 ce. beaker 10 grams of finely-divided meat with 75 cc. of an 8 per 
cent solution of potassium hydroxid in 95 per cent alcohol, and heat on the steam 
bath until all the meat is dissolved. This will take from 30 to 45 minutes. Add an 
equal volume of 95 per cent alcohol, cool, and allow to stand at least 1 hour. Filter 
by suction through a thin layer of asbestos in a Gooch crucible or through an alun- 
dum crucible. Wash twice with warm 4 per cent potassium hydroxid in 50 per cent 
alcohol and then twice with warm 50 per cent alcohol. Endeavor to retain as much 
of the precipitate as possible in the beaker until the last w ashing. Place the crucible 
with contents in the original beaker, add 40 cc. of w ater and 25 cc. of concentrated 
sulphuric acid. Stir during the addition of the acid and see that the acid comes in 
contact with all the precipitate. Allow to stand about5 minutes, add 40 cc. of water, 
and heat just to boiling, stirring constantly. Transfer the solution to a 500 cc. 
graduated flask, add 2 cc. of a 20 per cent aqueous solution of phospho tungstic acid, 
allow to cool to room temperature, and make up to mark with distilled water. Fil- 
ter through a starch-free paper and after neutralizing determine the dextrose pres- 
ent in a 50 cc. portion of the filtrate with Fehling’s solution, using Low’s method, 
Bulletin 107, Revised, page 241, for the determination of the copper in the cuprous 
oxid precipitate. Dextrose X 0.9 = starch. 

MAYRHOFER-SACHSSE METHOD OF E. M. BAILEY. 

Treat 20 grains of the sample in a casserole with 50 cc. of 8 per cent solution of 
potassium hydroxid and digest on a steam bath with frequent stirring until the 
meat is entirely dissolved. Maintain the original volume approximately by the 
addition of w r ater in case the solution concentrates appreciably. Add an equal 
volume of 95 per cent alcohol, stir thoroughly and filter on a small Btichner funnel 
provided with a thin asbestos mat. Should the filter clog and become slow, trans- 
fer the mat with residue to the oasserole, removing any adhering residue in the 
fennel by means of a wisp of asbestos. Prepare a new 7 filter. Add warm 4 per cent 
potassium hydroxid in 50 per cent alcohol to the residue in the casserole, disintegrate 
the mass by stirring and pour upon the new filter. Wash twice with warm 4 per 
cent alcoholic potash and finally with 50 per cent alcohol. (A new mat is not ahvays 
necessary, but on the whole it wastes no time as the second filtration is alw r ays rapid. 
Moreover, the starch becomes incorporated with the asbestos and is better acted 
upon in the hydrolysis). Remove the filter to a 500 cc. flask, add 200 cc. of water, 
20 cc. hydrochloric acid (specific gravity 1.125), and hydrolyze in a boiling water 
bath for two and one-half hours. Nearly neutralize with dilute sodium hydroxid, 
cool, and make up to 500 cc. Determine dextrose in 25 cc. of the filtrate (equivalent 
to 1 gram of material), using Allihn’s copper solution. Multiply the weight of 
dextrose by 0.9 to obtain the w eight of starch. 

The chemists who reported results on this work did some very thorough 
testing of the methods. Their reports follow: 
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REPORTS OF ANALYSTS. 

E. A. Boyer , South Omaha, Nehr.: A sample of cornstarch designated as c.p. 
was used in the determinations. The anhydrous substance was found to contain 
90.5 per cent of starch by the diastase method. From a closed weighing flask and 
weighing by difference, quantities of the starch were added to chopped fresh lean 
beef. 

Comparison of results by methods for starch (Boyer). 


PRIC E METHOD 

MAYRHOFER-8ACH88E METHOD 

Starch added 

Starch found 

Starch added 

Starch found 

per cent 

per cent 

per cent 

per cent 

J .48 

1 46 

l 79 

1.65 

2 44 

2 47 

1.94 

1.77 

4 04 

3 91 

3 62 

3 31 

4.18 

4 0<S 

3.83 

3 39 

4.84 

4 82 

4 85 

4 82 

5.54 

| 5 35 

6.80 

5 95 


Since the fundamental principles of the two methods are nearly identical, results 
of equal value would be expected, but for possible errors in the manipulation. With 
the Mayrhofer-Sachsse method trouble was experienced in the filtering and the 
removal of the last traces of gelatinous starch from the casserole proved extremely 
difficult and time-consuming. The somewhat erratic result s obtained by the method 
are attributed to these sources. As indicated by the tabulated data the Price 
method proved to be an extremely accurate one for the purpose, and no difficulty was 
presented in the manipulation. The rapid means of digestion, lack of necessity 
of transferring all the starch precipitate to the filter, and the short time required 
for hydrolyzation are commendable points in the method. Regarding the determi- 
nation of dextrose, it would appear that this might be left optional, as results here 
obtained have shown that the cuprous oxid precipitate is nearly free from both 
organic and mineral matter, and, therefore, the gra\imetric methods of weighing 
either as cuprous oxid or cupric oxid give results nearly identical with the volu- 
metric Low method. In laboratories making the determination frequently, possi- 
bly the Low f method is preferable; if only an occasional determination of this kind is 
required, however, the making and standardization of the reagents necessary for 
conducting the volumetric method are to be considered. 

l T sing the Price method the following figures are offered from a number showing 
concordant results, to show results obtained by weighing the copper either as cu- 
prous oxid or cupric oxid, in comparison w ith estimating the copper by the Low' 
method. 


Starch results using cuprous and cupric or ids and Low method. 


SAMPLE 

PER CLX1’ SrVRClI 

Cuprous o\id 

Cupric oud 

Low method 

Meat food product. . 

4 04 

3 99 

3 09 

do 

2 54 

2 52 

2 51 

do 

3 70 

3 69 

3 69 

do 

2 96 

2 92 

2 92 

Corn flour 

70 09 

09 67 

69 89 

do 

70 74 

70 10 

69 90 

do 

66.85 

66 85 

66 90 
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W. B. Meyer, Washington, D. C.: A comparison of the two methods shows that 
the Price method is much simpler in manipulation, is less liable to error, consumes 
less time, and gives more accurate results than the Mayrhofer-Sachsse method. 
With the latter, using aqueous potash to dissolve the meat, the starch is precipitated 
m a form that is bulky and hard to filter, a single sample requiring sometimes as 
much as 3 hours in spite of all the precautions suggested in the method. Error is 
likely to creep in when this precipitate must be transferred to a flask and difficulty 
is sometimes experienced in washing the precipitate from the sides of the beaker 
and funnel. The length of time taken for hydrolysis, 21 hours, is another objection 
to the method. The Price method permits filtering the starch on an average of 
10 minutes per sample. The precipitate is compact and may be filtered through 
a Gooch crucible, which may be put directly into the beaker which is used for 
digestion, and the hydrolysis conducted in about 20 minutes* time without a single 
transference. 


Determination of starch (Meyer). 


PRICE : 

METHOD 

MAYRHOFER-SACHSSE METHOD 

Starch added 

Starch found 

Starch added 

Starch found 

per cent 

per cent 

per cent 

per cent 

4 01 

3.96 

1.01 

1.27 

8 01 

7.88 

2.50 

2.73 


9.68 

4.51 

4.82 

7.28 

7 04 

6.16 

6.50 

8.62 

8.56 

5.75 

6.25 


4.89 

6.00 

6.42 

■ 

3.97 

2.60 

2.60 


3 05 

2.50 

2.60 

viw-' -K 

3.24 

3.55 

3.44 


4.10 

2.85 

2 66 


6.18 

0 36 

0 10 



0.75 

0 66 


J . C. Himes, Washington, D. C The Price method is far superior to the Mayr- 
hofer-Sachsse method from the standpoint of time consumed in making analyses, 
and the work is not tedious with the former, as it is with the latter method. I 
found it almost impossible to do the filtering required by the Mayrhofer-Sachsse 
method. 

Determination of starch (Himes). 


PRICE METHOD 


MAYRHOFER-SAGH8BE METHOD 


Starch added 

Starch found 

Starch added 

Starch found 

per cent 

per cent 

per cent 

per cent 

2.00 

2.17 

2.01 

1.96 

5.00 

5.07 

1.98 

2.00 

8.20 

7.97 

1.90 

1.84 

10.00 

9.90 

5.04 

5.18 

9.00 

8.74 

3.10 

3.40 

1.00 

0.86- 

2.60 

2.64 

2.08 

2.12 

9.00 

8.95 

5.03 

4.99 

0.50 

0.38 

10.00 

9.93 

1.03 

0.71 

0.50 


1.75 

1.50 



1.24 

0.93 



2.50 

1.89 
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W. B. Smith , Kansas City , Mo.: The methods being so much alike it becomes a 
question chiefly of ease of operation. A sample of sausage gave the following results : 


Prue nut hod 
Per rent 

2 77 
2 70 


Starch 


Mayrhofcr-Sachsse method 
Per cent 


2.65 

2.63 


The lower figures in the Mayrhofer-Sachsse method arc probably due to loss of 
starch. This method is far more tedious and hardly as accurate as the other. 


CONCLUSIONS OF ASSOCIATE REFEREE. 

There is little to add to the statements of the analysts quoted. Both 
methods depend on the same principles, but the Price method is superior 
in point of time, in manipulation, and in accuracy. In the three series 
of tests given above the difference between starch added and found are 
as follows: 

Price mithod Mayrhofer-Sachsse method 


Maximum.. ..0 26 0 85 

Minimum 0 00 0.00 

Average 0 10 0.23 


The Price method is being used in the routine examination of thou- 
sands of samples of meat food products with unvarying success. Dupli- 
cates are found to run very closely. 


AMMONIAC 'AL NITROOKN. 

The Folin method for ammonia in meats was approved last year for 
final action in 1913. The accuracy of the method was unquestioned, 
but the time and apparatus required under the form of the method used, 
which was that employed by M. E. Pennington for chicken flesh, and the 
foaming in some instances, made further study desirable. 

There was also approved for study a method of distillation in alcoholic 
vapor. During the year, however, Folin sent the associate referee an 
improved form of his method, which has since been published in the 
Journal of Industrial and Engineering Chemistry. This revision is par- 
ticularly adapted to meats, and while little cooperative work has been 
done on it, the work reported last year covered the subject so thoroughly 
that there seems no reason why the revised method should not be adopted. 

The principles on which revision has depended are (1) the volume of 
the sample should be as small as possible in order to complete the oper- 
ation (evolution of ammonia) quickly; (2) the sample solution should be 
saturated for the same reason (this is accomplished by the use of potas- 
sium oxalate); (3) the foaming complained of may be obviated, as was 
originally stated by Folin in 1903, by adding heavy petroleum. 
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The associate referee obtained the following results with the Folin- 
Pennington method (as recommended last year), the alcoholic vapor 
method, and the new Folin method : 


Comparison of results by methods for ammoniacal nitrogen. 


SAMPLE 

AMMONIACAL NITROGEN 

Alcoholic vapor 
method 

Folin-Penmngton 

method 

New Folin 
method 



per cent 

per cent 


per cent 

Potted meat ... 

Meat extract 


0.01070 

0.24400 

0.25400 

1 

r o 0105 

[0.0104 

do 

\\ it te's peptone... . 

Urea 

1 

1 

0 23000 

0.07000 

L 0 07700 
r 0 01700 
[ 0.02100 

0.04900 

0.00100 


r 0.2300 

1 0.2300 
| 0.2100 
[0 2200 

Eggs 

do 

1 

r 0 00450 
[0 00410 
0.00182 

/ 0 00280 

1 0 00270 
0.00078 







The samples of meat and meat extract show that all three methods 
are accurate with these substances, but for two classes of substances, 
such as peptone and urea, which contain large proportions of compounds 
easily broken down to ammonia, and such as eggs, in which the quantity 
of ammonia is so small that the errors in titration and of hydrolyzation 
assume large proportions, the alcoholic vapor method is much less accu- 
rate than the aeration methods. And since the latest modification of the 
Folin method makes it as easy of operation as the alcoholic method, the 
Folin method seems the best possible. The method as stated below is 
delicate enough for ordinary purposes, but if greater sensitiveness is re- 
quired a larger sample can be used. The apparatus shown herewith is 
not large enough for eggs. 

The methods used are as follows : 

ALCOHOLIC VAPOR METHOD. 

Mix 25 grants G f the fine sample with 5 grams of salt and 1 gram of sodium carbon- 
ate and 100 cc. of alcohol in a 500 cc. flask and pass through it a current of vapor 
from boiling alcohol. Distill a 200 cc. portion and titrate and then treat similarly 
two 100 cc. portions. The last portion should contain very little ammonia. 

FOLIN-AERATION METHOD. 

Arrange 5 vessels in a series as follows: (1) A bottle containing sulphuric acid 
with a Hopkins safety bulb, to purify the entering air; (2) a 1,000 cc. flask 
containing 25 grains of sample, 250 cc. of water, 5 grams of sodium chlorid, and 1 
gram of sodium carbonate; alcohol may be added to prevent foaming; (3) a250cc. 
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safety flask; (4) a cylinder, fitted with a Folin absorption tube, containing tenth- 
normal sulphuric acid; (5) a 100 cc. safety flask. 

Connect the last flask to an air pump powerful enough to draw the ammonia 
over into the standard acid. Alcohol may be substituted almost wholly for the water 
if the air current is weak. Titrate the standard acid at intervals of an hour until 
no more ammonia is given off. Run a blank at the same time. Methyl Red, 
Cochineal, or Congo Red may be used in aqueous solutions, Methyl Red or Cochineal 
in alcoholic. 

NEW FOLIN METHOD. 

Weigh out 20 grams of finely-divided meat in a 50 cc. flask; add 10 cc. of water and 
10 cc. of normal hydrochloric acid; let stand a few moments with occasional shaking; 



FIG 1. APPARATUS FOR FOLIN AMMONIA METHOD. 


make up to mark, and shake. Allow solid particles to settle as much as possible, 
pipette out 10 cc. and place in Folin apparatus shown in accompanying sketch. 
Place twenty-fifth-normal or fiftieth-normal acid in receiving tube and then add to 
the sample tube, 1 cc. of saturated potassium oxalate, a few drops of kerosene, 
and finally 2 cc., or enough to make alkaline, of saturated potassium carbonate. 
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Immediately close the apparatus and pass air, washed in sulphuric acid, through 
it. Collect the ammonia in the standard acid and determine its amount by 
titration or by Nessler’s reagent. 

COMMENTS OP ANALYSTS. 

F. C. Weber , W ashington, D. ( 7 .: We are at present using the Folin method as you 
describe it and consider it the best method. 

F. C. Cooky Washington, D. C.: I have had some experience with the different 
methods and consider that the Folin method, where the amount of ammonia is 
determined by nesslerization preferably, and by titration, is undoubtedly the best 
method available at the present time for the determination of ammonia. 

SUGAR. 

The association voted in 1909 that the referee give special attention 
to the apparent error in the method for the determination of sugar in 
meat and meat products, noted by Lowenstein in the Journal of the 
American Chemical Society , September, 1908. This error was said to be 
due to the presence in the 500 cc. to which the sample was first diluted, 
of the insoluble portion of the 100 grams of meat taken. But the insoluble 
solids of meat are not enough to account for the error found. Then in 
well over a hundred determinations the greatest plus error ever found 
by the writer was 0.10 per cent, that is, 3.71 per cent were found when 
only 3.61 per cent were added. This may well be due to the said cause, 
but as in practically all cases results are low the error does not seem to 
be large enough to affect the results. Furthermore, the same results 
were obtained, whether the sugar was added before separating the solid 
portion or whether it was added to the filtered juice. Further discussion 
of this point will therefore be omitted, leaving the figures to be given to 
speak for themselves. 

It was found, however, that the provisional method was not satisfactory 
for other reasons. In ordinary meats the percentage of sugar, both 
reducing and cane, is very small; hence it was thought necessary that a 
method should be found accurate to at least 0.05 per cent. The best 
method found in the literature appeared to be clarification with mercuric 
nitrate according to the description in C. A. Browne’s “ Handbook of 
Sugar Analysis,” and accordingly the later work has been an effort to 
put this method into suitable form for meats. Mercuric nitrate alone 
does not remove enough of the nitrogenous bodies; for that reason phos- 
photungstic acid has been added with considerable success. 

CLARIFICATION OF THE SUGAR SOLUTION. 

Three methods were studied: 

(1) Provisional (Bur. Chetn. Bui. 107, Rev., p. 111). — Boil 100 gramB of the fine- 
ly-divided meat for 15 or 20 minutes in a 500 cc. graduated flask, with a convenient 
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volume of water. Add a few cubic centimeters of normal lead acetate, cool to room 
temperature, make up to mark with water, and filter through a folded filter. Re- 
move the lead and determine reducing sugar as dextrose, as described under “VI 
General Methods,” page 49. 

(2) Same with the further addition of phosphotungstic acid. 

(3) Boil 100 grams of finely-divided sample for 20 minutes with 350 cc. of water, 
cool, add 6 to 10 cc. of mercuric nitrate solution, 1 make to 500 cc. exclusive of fat 
(a graduate is convenient), and filter. 

To each 100 cc. of the filtrate taken, add 1 to 2 cc. of concentrated hydrochloric 
acid, heat to boiling, saturate with hydrogen sulphid, remove hydrogen sulphid 
by a current of air, cool, add 2 cc. of 20 per cent solution of phosphotungstic acid to 
each 100 cc., make to same volume as taken, and filter. 


Comparative results using diffnent clarification methods, the rcdudion nnthods 

being comparable. 


SAMPLE 

KLDUUNG 8LOAR AS DEXTKOBE 

Calculated 

picsent 

Found l>\ 
Method 1 

Found bv 
Method 2 

Found bv 
Method 3 


per cent 

per tent 

per cent 

per cent 

Sausage . . . 

2 17 

1 84 

1.92 

2 04 



1 91 

1 93 

2.03 





2.11 





2.02 

do 

2 17 

1 96 

2.08 

2 22 





2 2S 

do 

4 81 

4.82 



Cured meat 

8 00 

7 90 



do 

4 00 

4 04 



do 

4 00 

3 62 



Potted beef . . 

3 61 

3 69 

3 71 


Dried beef. . 

2 61 

2 29 

2 52 


Cured beef 

1 50 

1 45 

1 53 


Sausage 

1 02 

0 S5 


0 95 

Cured ox tongue.. 

0 92 


0 84 


Sausage 

1 00 

0 61 



Cured ox tongue 

0 50 

0 27 

0 35 



While in the foregoing table the results by Methods 1 and 2 are in 
many cases good, with low percentages of sugar this is not so, the reduced 
copper often being held in solution or suspension by the nitrogenous 
bodies present, so that no precipitate is formed. The treatment with 
lead acetate, moreover, is not satisfactory, filtration being difficult and 
tedious. 

Before taking up Method 3, the copper reduction will be discussed. 

Only gravimetric methods have been studied, volumetric methods not 
appearing to have any superior advantages. Munson and Walker’s 


1 Mercuric nitrate solution: Treat 220 grains of yellow oxid of mercury in 300 cc. 
of water with small portions of nitric acid, warm, and stir until dissolved Make 
to 1,000 cc. and filter. 
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method, being official, has been chiefly used. This method is not so 
accurate when small amounts of sugar are present as with large amounts, 
a fact true of Allihn’s also. Pfliiger and Koch and Ruhsam, offer modi- 
fications of Allihn’s method, chiefly consisting in boiling for 30 minutes, 
to overcome this, using, of course, a different table of copper values. 

In cases where the cuprous oxid was precipitated clearly and red the 
usual Munson and Walker method was followed, the copper being de- 
termined by Low’s iodid method. It sometimes happens, however, that 
the nitrogenous bodies still remaining in the sample solution, interfere 
with the reaction so that the copper is a muddy yellow. It was found 
that the following procedure gave practically the same ratios of copper 
found to sugar added as given in Munson and Walker’s tables (in the 
columns “Copper” and “Dextrose”): 

Modified Munson-Walkcr method of reduction . — Neutralize 50 cc. of the filtrate 
from the phosphotungstic acid (Method 3) with concentrated sodium hydroxid 
and place in a 400 cc. beaker with 25 cc. each of Soxhlet/s solutions, copper and 
tartrate (Bur. Chem. Bui. 107, Kev., p. 42). Bring to a boil in 4 minutes and boil 
2 minutes. Filter through an alundurn crucible of suitable porosity (the associate 
referee uses some numbered 5204-RA-3G0) with very gentle suction. If the filtrate 
is green or yellow it must be refiltered until clear blue. Wash the residue with a 
very little 5 per cent sodium hydroxid, refiltering the washings if they are muddy. 
Dissolve the residue in 1 to 1 nitric acid and determine the copper by Low’s 
iodid method (Bur. Chem. Bui. 107, Kev., p. 241). The treatment with bromin is 
unnecessary. 

The following table shows results obtained by clarification according 
to Method 3 and reduction as just described, except that in some of the 
early experiments variations occurred. Dextrose was used in all except 
Experiments 4 and 5, in which cane sugar was employed. Quantitative 
results were obtained in both cases, showing that hydrolysis of cane sugar 
takes place. The lowest results given are in Experiment 2, in which too 
little mercuric nitrate was employed. 

The difficulty of determining the blank correctly, the figure usually 
being low, may account for more sugar being found in some cases than 
was added. The average error of the above results is 0.02 per cent. 
Later work shows that the maximum error need not be more than 0.03 
per cent. If not allowed to stand too long before filtering off the mer- 
curic-nitrate precipitate even large amounts of starch do not cause a 
serious error. 

Since writing the preceding part of the report comparative tests have 
shown that the Bertrand method of reduction, when the solutions have 
been properly clarified, gives the red cuprous oxid uniformly, also that 
the results are much less affected by the impurities present than by the 
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Sugar in meat by method 3. 


SAMPLE 

REAGENT TO 500 CC. 

OF SAMPLE 

SUGAR, 

SUGAR 

TOTAL 

SUGAR 

Mercuric 

nitrate 

Phospho- 

tungstic 

acid 

is LANK uN 
MEAT 

ADDED 

SUGAR CAL- 
CULATED 

FOUND 


cc. 

cc. 

per cent 

per cent 

per cent 

per cent 

1 — Fresh beef 

5 

Some 


3 00 

3.00 

2.93 

2 98 

2— do 

0 

10 

0 07 

6 98 

1.05 

0.99 


6 

15 

0.07 

0 98 

1.05 

0 94 

Average 

G 

20 

0 07 

0 98 

1.05 

0.9S 

0.97 


G 

25 

0 07 

0 98 

1.05 

0 91 


6 

30 

0.07 

0 98 

1 05 

0.93 

Average. . . 

G 

35 

0 07 

0.98 

1.05 

0 95 

0 94 

3— Corned beef . 

6 

10 

0 13 

0 53 

0 G6 

0 G3 

0 67 

0 61 
0.64 

0 G7 

0 G3 

0 66 

4— Summer sausage. . . 

6 

10 

6 09’ 

0 53 

0 62 

0 61 

0 71 

0 62 
0.57 

0 62 

5 — Fresh beef 

10 

10 

0 14 

0 30 

0 44 

0 43 


10 

10 

0.14 

0 40 

0 54 

0 56 

0 55 

0 52 


10 

10 

0 14 

0.50 

i 0 64 

0 65 

6— Sausage . . 

G 

10 

0 17 

0 40 

, 0 57 

0 56 

7 — Cured meat. . . 

G 

10 

0 07 

0 40 

| 0 47 

0 46 

8 — Sausage 

5 

1 

0 

0 00 

0 52 

0 52 

0 51 

0 52 

0 53 

0 53 

9— Fresh beef 

Some 

Some 

0 08* ~ 
0 08 

0 08 

0 05 

0 10 

0 25 

0 13 

0 18 

0 33 

0 11 

0 17 

0 32 

10— Corned beef . 

5 

10 

0 003 

0 10 

0 10 

0 08 

0 12 

1 — Sausage 1 . 

6 

10 

0 03’ 

0 50 

0 53 

0 51 

2 — Fresh beef 1 

10 

10 

0 0G 

0 25 

0 31 

0 38 

1 Results of C. T. Allcr 

10 

lit. 

10 

0 0G 

0 50 

0 56 

0.59 


Munson and Walker method. One cause of this is the greater dilution 
of the solutions. The method which has given best results is as follows: 

CLARIFICATION WITH MERCURY AND PHOSPHOTUNGSTIC ACID AND REDUCTION 
ACCORDING TO BERTRAND. 

Boil 100 grams of sample with about 350 cc. of water for about 20 minutes, cool, 
add an excess (10 to 30 cc. of twicc-normal solution) of mercuric nitrate or acetate, 
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nearly neutralize with sodium hydroxid, and make to 500 cc. exclusive of fat. Allow 
to settle and decant the clear liquid through a large folded filter without washing. 
Make a measured volume of the filtrate sufficiently acid (1 or 2 cc. of concentrated 
hydrochloric acid per 100 cc.), heat to boiling, thoroughly saturate with a rapid 
current of hydrogen sulphid, remove excess of hydrogen sulphid by a current of air, 
make to volume, and filter. Add a slight excess of 20 per cent phosphotungstic acid 
(in 2.5 per cent hydrochloric acid) to the filtrate, allowing for the extra volume, and 
place in ice-box overnight or several hours at least. Filter and determine dextrose 
by Bertrand's method as follows: 

Make the copper sulphate solution of 40 grams to the liter, and the tartrate 
solution, 200 grams of Rochelle salts and 150 grams of sodium hydroxid per liter. 
Neutralize 20 cc. of sample wdth sodium hydroxid, add 20 cc. each of the copper and 
tartrate solutions, in a 150 cc. Erlenmeyer flask; heat to boiling and boil gently 3 
minutes. Filter off the cuprous oxid, wash with water and determine copper by 
Low's iodid method. 

A part of Bertrand’s copper-dextrose table is as follows: 


Mg of 

Mg of 

Mg of 

Mg.o 

Mg. of 

Mg. of 

Mg. of 

Mg. of 

copper 

sugar 

copper 

sugar 

copper 

sugar 

copper 

sugar 

20 4 

10 

36.2 

IS 

51.5 

26 

66.5 

34 

22 4 

11 

38.1 

19 

53.4 

27 

68.3 

35 

24 3 

12 

40.1 

20 

55 3 

28 

70.1 

36 

26 3 

13 

42 0 

21 

57.2 

29 

72.0 

37 

28 3 

14 

43.9 

22 

59.1 

30 

73.8 

38 

30 2 

15 

45.8 

23 

60 9 

31 

75.7 

39 

32 2 

16 

47.7 

24 

62. S 

32 

77 5 

40 

34 2 

17 

49.6 

25 

64 6 

33 

79.3 

41 


If the amount of copper found is less than 20.4 mg., the sugar value may be ap- 
proximately calculated, or the sample may be concentrated on the water bath 
after neutralizing with sodium hydroxid and acidifying again with acetic acid. The 
former method is the easier and apparently as accurate. 


RECOMMENDATIONS. 


It is recommended — 

(1) That under XVII, Methods for the Analysis of Meat and Meat 
Products on page 106 of Bulletin 107, Revised, 1, Identification of Species, 
4th line, after “melting-point,” “melting-point of stearin by Belfield- 
Emery method,” be inserted. (This was adopted last year for the first 
time.) 

(2) That the Price method be made the official method for starch in 
meat food products, in place of Mayrhofer’s method, modified, 8, (b), 
(2), page 109, Bulletin 107, Revised. 

(3) That the new Folin aeration method (J. Biol. Chem ., 1912, 11 : 
493, 523, 527; J. Ind. Eng. Chem., 1913, 5: 485) be introduced as (g) 
Ammonia, on page 109, Bulletin 107, Revised. 

(4) That under (e) Ammonia, page 115, Bulletin 107, Revised, the 
following be substituted: “Mix 1 gram of meat extract with 2 cc. of 
normal hydrochloric acid and wash into the Folin apparatus with about 
5 cc. of water; proceed as under (g) Ammonia, page 109.” 
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(5) That the mercury-phosphotungstic acid method for clarifying meat 
sugar solutions, with reduction according to Munson-Walker or Bertrand, 
be studied further. 


REPORT ON FATS AND OILS. 

By R. H. Kerr, Associate Referee. 

GLYCEROL SAPONIFICATION METHOD FOR THE TITER TEST. 

For the work on the glycerol saponification method for the titer test, 
recommended by the associate referee last year, the following instructions 
were sent to the collaborators selected for this part of the work: 

INSTRUCTIONS TO COLLABORATORS. 

Three samples are being sent you, one of cottonseed oil, one of inedible grease, 
and one of oleo stearin. 1 1 is requested that you determine the titer of these samples 
by the glycerol method and by the official method as given in Bulletin 107, Revised, 
page 135. 

Glycerol method— Heat to 150°C. in an 800 cc. beaker, 75 cc. of a glycerol potas- 
sium hydroxid solution, made by dissolving 25 grams of potassium hydroxid in 100 cc. 
of high test glycerol; then add 50 cc. of the oil or melted fat, previously filtered, if 
necessary, to remove foreign substances. Saponification in many cases takes place 
almost immediately, but heating, with frequent stirring, should be continued for 
15 minutes, care being taken that the temperature does not rise much above 150°C. 
When the saponification is complete, as indicated by the perfectly homogeneous 
solution, pour the soap into an 800 cc. casserole containing about 500 cc. of nearly 
boiling water, carefully add 50 cc. of 30 per cent sulphuric acid, and heat the solution, 
with frequent stirring until the layer of fatty acids separates out perfectly clear. 
Transfer the fatty acids to a tall separatory funnel, wash three or four times with 
boiling water to remove all mineral acids, draw them off into a small beaker, and 
allow to stand on a steam bath until the water has settled out and they are clear. 
Filter into a dry beaker and heat to 150°C. on a thin asbestos plate, stirring con- 
tinually with the thermometer, transfer to a titer tube, filling it to within 1 inch 
of the top, and take the titer as indicated in the present provisional method. 

You are also requested to determine the iodin number of the fatty acids obtained 
by each method. 


RESULTS OF COOPERATIVE WORK. 

The results reported by the collaborators are given in the following table: 
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SUBSTANCE AND COLLABORATOR 

GLYCEROL SAPONIFICATION 
METHOD 

PRESENT PROYISONAL 
METHOD 

Titer 

Iodin 

number 

Titer 

Iodin 

number 

Cottonseed oil : 

L. B. Burnett (Bureau of Chem- 

•c. 


°c. 


istry) .... 

H. C. Fuller (Institute of In- 

34.9 

34.9 

iii .5 

35.1 

34.8 

iio.8 

dustrial Research) .... 

R. R. Henley (Bureau of Ani- 

*32 7 

78.00 

*32.85 

83.00 

mal Industry) — 

R. H. Kerr (Bureau of Animal 

34 35 

105 06 

34.3 

106.92 

Industry) 

34.1 

107.60 

34.1 

107.70 

Paul Rudnick (Armour and Co) 
F. N. Smalley (Southern Cot- 

34.4 

110.75 

34.0 

107.55 

ton Oil Co.) . ... 

34 2 

102 20 

35 0 

105.73 

Maximum .... 

34 9 


35 1 


Minimum 

Average 

Inedible grease : 

34.1 

34.4 


34 0 

34.5 


L. B. Burnett.. .. 

41.5 

41.6 

57.2 

4F5 

57.5 

H. C. Fuller . . . 

*40.0 

33.0 

*40 0 

29.0 

R. R. Henley. . . . 

41.45 

55.08 

41.55 

56 07 

R. H. Kerr 

41 2 

54.88 

41.2 

54.34 

Paul Rudnick ... 

41.5 

56.27 

41.3 

56.20 

F. N. Smalley .... 

41.6 

50.76 

41.7 

53 15 

Maximum ... 

41 6 


41.7 


Minimum ... ... 

41.2 


41.2 


Average .... 

Oleo stearin : 

41.47 



41.45 


L. B. Burnett 

50 9 

50.9 

2K0 

50 6 

50.7 

23.2 

H. C. Fuller . 

*50.15 


*49 95 


R. R. Henlev. . . . . 

50 65 

21.79 

50 7 

22 90 

R. H. Kerr 

50.8 

23 40 

50 8 

24.34 

Paul Rudnick 

50.9 

23 78 

50.8 

22.93 

F. N. Smalley 

50 8 

21.68 

51 1 

22.27 

Maximum 

50.9 


51 1 


Minimum 

50.65 


50.6 


Average 

50.8 


50.8 



1 Not included in average. 


COMMENTS. 

The results appear to give the glycerol method a slight advantage over 
the present provisional method. In each case the maximum titer obtained 
by the glycerol method was lower and the minimum higher than by the 
present method. The averages were identical in two cases out of the 
three. 

Paul Rudnick: Our results show that a slightly higher titer is consistently ob- 
tained by the glycerol method, this difference ranging inversely as the hardness of 
the fat. We are inclined to lay this to two features, one the use of alcohol in the 
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official method, the other the difference in the method of drying. When alcohol 
is used it is necessary to get rid of the last traces so as not to lower the titer of the 
resulting fatty acids. This commonly induces an error in the opposite direction, 
namely, scorching of the fat. Both dangers are entirely avoided by the glycerol 
method. 

L. B. Burnett: Have obtained practically identical results with the two methods. 
Prefer the glycerol method for the following reasons: It is easier to manipulate, it 
is quicker, and the fatty acids are not so difficult to decompose when glycerol and 
potash are used for saponification. 

As the results show clearly that the glycerol saponification method is 
accurate and reliable, and it is beyond question more rapid and conven- 
ient than the present method, I recommend that it be adopted as an offi- 
cial method. 

EMERY METHOD FOR THE DETECTION OF BEEF FAT IN LARD. 

A test was made of the Emery method with mixtures of lard and beef 
fat, lard and mutton fat, and lard and hydrogenated cottonseed oil. 
Eight samples were sent to the collaborators on this work, the composi- 
tion of these being as follows: 

Sample 1 Lard containing 5 per cent of beef tallow. 

Sample 2 Lard containing 3 per cent of mutton stearin. 

Sample 3 Lard containing 5 per cent of lard stearin. 

Sample 4 Pure lard, G5 per cent; hydrogenated cottonseed oil, 15 per cent; 
cottonseed oil, 20 per cent. 

Sample 5 Lard containing 2\ per cent of oleo stearin. 

Sample 6 Pure lard. 

Sample 7 Lard containing 10 per cent of tallow r . 

Sample 8 Lard containing 2\ per cent of hydrogenated cottonseed oil. 

The following instructions were sent to the collaborators selected for 
this part of the work: 

INSTRUCTIONS TO COLLABORATORS. 

Eight samples are being sent you for the determination of the melting point 
of the stearins by the Emery method (Bureau of Animal Industry Cir. 132). 

You are also requested to give your judgment as to which of these samples are 
pure lard and which arc adulterated. In reaching a decision as to the purity or 
otherwise of any particular sample, you need not depend wholly upon the melting 
point of the crystals, but may use any other factors you consider of value in reach- 
ing a decision. In reporting your results please state, first, melting point of stearin 
crystals and temperature at which crystallization took place; second, judgment as 
to the purity of each sample, that is, whether it is a pure lard or not; third, what 
factors, if any, other than the melting point of the stearin crystals were taken into 
account in forming your judgment as to the purity or otherwise of each sample. 

RESULTS OF COOPERATIVE WORK. 

The results reported by the collaborators are given in the following table: 
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Reports by collaborators on the Emery method for beef fat in lards . 


COLLABORATOR AND 

sample: 

MELTING POINT OF CRYSTALS 
CRYSTALLIZED AT— 

I ODIN 
NUM- 
BER 

JUDGMENT 

OBSERVATIONS 

12 °C. 

16 C. 

18 *C. 


°C 

# C. 

•c. 




L. B. Burnett, Bureau 







of Chemistry: 







1 

62 0 

62 2 

62 6 

61.4 

Adulterated 


2 . 

62.0 

62 5 

62 4 

61 5 

do 


3 . 

62 4 

63 3 

64 0 

63 4 

Pure 


4 

62 6 

64 0 

64 2 

64 0 

Suspicious 


6 

62 4 

62 5 

62 4 

62 2 

Adulterated 


6 

63 4 

63 8 

64 4 

63 5 

Pure 


7 

60 8 

61 8 

61 6 

60 7 

Adulterated 


8 . 

61 2 

61 9 

63 0 

62 5 

Pure 

Remained at a temperature 

H. S. Bailey, Bureau of 






of 18°C. for 4 days before 

Chemistry: 
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Reports by collaborators on the Emery method for beef fat in lards — continued. 
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Samples 1 (lard containing 5 per cent beef tallow), 2 (lard containing 
3 per cent mutton stearin), and 7 (lard containing 10 per cent beef tallow) 
were pronounced adulterated by all collaborators. Sample 6 (pure lard) 
was pronounced pure by all. Samples 5 (lard containing 2\ per cent oleo 
stearin) and 8 (lard containing 2J per cent hydrogenated oil) were judged 
pure lard by one collaborator and Sample 3 (lard containing 5 per cent 
lard stearin) was judged adulterated by one. Sample 4, whose adulter- 
ants were so chosen and proportioned that the crystals obtained would 
show the normal melting point of pure lard, was reported as suspicious 
or adulterated by all of the collaborators. This sample gave a large 
mass of dull crystals, totally different in microscopic appearance from those 
given by lard. 

These results show that the Emery method is not only a reliable method 
for the detection of beef fat in lard, but is also of value in the detection 
of other adulterants. The melting point of the crystals was depressed 
by all of the adulterants tested except the mixture of cottonseed oil and 
hydrogenated oil. In this case the lard was grossly adulterated without 
depressing the characteristic melting point of the stearin crystals, but 
its character and the character of the deposit were so changed that adul- 
teration was suspected by all of the collaborators. 

RECOMMENDATION S. 

It is recommended — 

(1) That the glycerol saponification method for the titer test as given 
in this report be adopted as official. 

(2) That the Emery method as given in Bureau of Animal Industry 
Circular 132 be adopted as a provisional method for the detection of 
beef fat and other solid fats in lard. 

REPORT ON DAIRY PRODUCTS. 

By Julius Hortvet, Associate Referee . 

Following the recommendations adopted at the meeting in September, 
1912, the work of the present year has been directed toward a study of 
the modifications of the continuous extraction method for determining 
fat in cream, homogenized cream, and ice cream. The work has included 
also comparative fat determinations by means of the Roese-Gottlieb 
method and an examination of the fat recovered by the continuous ex- 
traction method described by the associate referee in 1911. 

The collaborators were also requested to undertake a microscopic 
examination of the samples submitted with a view of the possible detec- 
tion of homogenization. One of the collaborators has given special 
attention to this feature of the work, and his report is submitted herewith. 
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Samples of various kinds of cream products, two of which were homog- 
enized and two of which contained known proportions of foreign fat, 
were submitted to the collaborators. The samples submitted included: 
(1) Pure untreated sweet cream; (2) same cream homogenized; (3) 
same cream homogenized with oleo oil (added to constitute 20 per cent 
of the fat); (4) ice cream made from same cream with gelatin, sugar, 
and cottonseed oil (added to constitute 20 per cent of the fat). All 
samples were preserved with a little formaldehyde. 

The plan of preparation of the samples for the fat determinations has 
been somewhat revised, although it differs in no essential respects from 
the usual procedure. The aim has been to adapt the method of prepa- 
ration to the character of the samples to be extracted. 

The collaborators were requested to make the following determinations 
upon the fat recovered from the various samples: — Reichert-Meissl 
number, iodin number, refractive index at 25°C. 

The methods for Reichert-Meissl number and refractive index are in 
all essential respects as described in Bulletin 107, Revised, pages 131, 136, 
and 141. The method for the Reichert-Meissl number determination 
is essentially the Leffinan and Beam method given on page 141. 

The associate referee is indebted to E. H. Farrington and A. C. Baer, 
of the University of Wisconsin Agricultural Experiment Station, for 
their services in preparing these samples and forwarding them to the 
various collaborators. 

The entire description of the methods as submitted to the collaborators 
is given as follows: 

INSTRUCTIONS TO COLLABORATORS. 

DETERMINATION OF FAT. 

A — Roese-Gottl ieb Method. 

( 1 ) Milk {whole or skimmed) — If the milk he soured, obtain an even emulsion 
preferably by repeatedly pouring the sample bark and forth from one container to 
another. Unless a fine, even emulsion ran be secured, it will not be expected that 
a satisfactory analysis can be made. Weigh out 3 to 5 grams of the homogeneous 
sample and transfer to a Rbhrig tube (Zts. Nahr. Genussm., 1005, 9: 531) or to a 
suitable size Wcrner-Schmidt extraction apparatus (Leach, 3d L'd., p. 139), using 
for the purpose not more than 10 cc. of water. 

(2) Evaporated milk {sweetened or unsweetened) arid cream . — Mix the sample 
thoroughly, best by transferring the entire contents of the can or bottle to a large 
evaporating dish, and working it with a pestle until homogeneous throughout. 
Weigh 40 grams of the prepared sample, preferably in a tared w eighing dish used for 
sugar analysis, transfer by washing to a 100 cc. graduated sugar-flask and make up 
to the mark with water. Measure into one of the extraction tubes described in the 
preceding paragraph 10 cc. of this solution. 

(8) Ice cream .— Soften the sample, by warming, to the consistency of ordinary 
cream, transfer to a beaker and stir until homogeneous throughout. Weigh out 
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3 to 5 grams of the sample, transfer to an extraction tube, using for the purpose not 
more than 10 cc. of water. 

(4) General procedure. — To the material in the extraction tube add 1.25 cc. of 
concentrated ammonium hydroxid (2 cc. if the sample be sour) and mix thoroughly. 
Add 10 cc. of 95 per cent alcohol and mix well ; add 25 cc. of washed ethyl ether, shake 
vigorously for a half minute, add 25 cc. of petroleum ether (redistilled slowly at a 
temperature below 60°C. preferably) and shake again for a half minute. Let stand 
20 minutes or until the upper liquid is practically clear and its lower level constant. 
Draw off the ether fat solution as much as possible (usually 0.5 to 0.9 cc. will be left) 
into a weighed flask through a small quick -acting filter. Re-extract the liquid re- 
maining in the tube, this time with only 15 cc. of each ether, shaking vigorously 
half a minute and allow to settle. Draw off the clear solution through the small 
filter into the same flask as before and wash the tip of the spigot, the funnel, and the 
filter with a few cubic centimeters of a mixture of the two ethers in equal parts. 
Extract again and wash in the manner just described. Evaporate the ether slowly 
on a steam bath, then dry the fat in a water oven until loss of weight ceases. 

B — Continuous Extraction Method of A. E. Paul. 

(1) Milk and evaporated milk ( sweetened or unsweetened ) and thin ice cream. — Pre- 
pare the material in the manner described under A. Into a 1,000 cc. beaker weigh 
100 grams (in the case of milk 200 grams) of sample. Add 300 cc. of water, mix 
thoroughly and heat to boiling; add while boiling, very gradually 25 cc. of Soxh- 
let’s copper sulphate solution diluted with 100 cc. of water. In a Biichner funnel 
wet a filter of suitable size and of loose texture. Filter with suction and wash three 
times with a little boiling water, filtering as dry as possible. Remove the cake, 
which should be dry enough to be broken up easily between the fingers, break into 
small particles, and dry in the open air overnight. Grind in a mortar with sufficient 
(usually 25 grams) anhydrous copper sulphate, let stand a few minutes, or until 
the product seems quite dry and not at all lumpy. Into the inner tube of a large 
Soxhlet or other extraction tube place a layer of anhydrous copper sulphate, then 
the powdered mixture. Place on top a loose plug of cotton and extract 16 hours 
with ordinary ether. The ether should be poured into the extractor and allowed 
to percolate through before the heating is begun. About 50 cc. of the solvent 
will be required. Evaporate the ether slowly on a steam bath, then dry the fat 
in a water oven until loss of weight ceases. Reserve the weighed fat for further 
examination. 

(2) Cream and thick ice cream. — Prepare the material in the manner described 
under A. In a Btichner funnel wet an 11 cm. filter of loose texture and cover with 
a layer of fibrous asbestos, being careful to cover the sides as far up as possible. 
In a 250 cc. beaker boil 25 cc. of Soxhlet’s copper sulphate solution, and add, while 
stirring vigorously, 50 grams of the material. Immediately remove the source of 
heat and filter with slow suction. Wash once or twice with a small amount of cold 
water, and proceed as in the method described for evaporated milk. 

EXAMINATION OF THE FAT. 

A — Reichert-Meissl Number . 

(1) Preparation of reagents. — (a) Sulphuric acid — Dilute 200 cc. of the strongest 
acid to 1,000 cc. of water. 

(b) Barium hydroxid solution — Standardize an approximately tenth-normal 
solution. 
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(c) Indicator — Dissolve 1 gram of phenolphthalein in 100 cc. of 95 per cent alcohol. 

(d) Pumice stone — Heat small pieces to a white heat, plunge in water, and keep 
under water until used. 

(e) Glycerol soda solution — Add 20 cc. of sodium hydro xid solution, prepared by 
dissolving 100 grams of sodium hydroxid, as free as possible from carbonates, in 
100 cc. of water, to 180 cc. of pure concentrated glycerol. 

(8) Determination. — Add 20 cc. of the glycerol soda to approximately 5 grams of 
the fat in a flask, weighed accurately, and heat over a naked flame or hot asbestos 
plate until complete saponification takes place, as is shown by the mixture becom- 
ing perfectly clear. If foaming occurs, shake the flask gently. Add 135 cc. of re- 
cently boiled water, drop by drop at first, to prevent foaming, and 5 cc. of the dilute 
sulphuric acid solution, and distill, without previous melting of the fatty acids 
100 cc. in about 30 minutes. Mix this distillate, filter through a dry filter, and 
titrate 100 cc. with the standard barium hydroxid solution, using 0.5 cc. of phenol- 
phthalein as indicator. The red color should remain unchanged for two or three 
minutes. Increase the number of cubic centimeters. of tenth-normal alkali used 
by one-tenth, divide by the weight of fat taken, and multiply by 5 to obtain the 
Reichert -Meissl number. Correct the result by the figure obtained in a blank 
experiment. 

B — Io din N um her. 

(t) Preparation of Reagents. — (a) Iodin solution — Dissolve 13.2 grams of pure 
iodin in 1,000 cc. of pure glacial acetic (90 per cent), and to the cold solution add 3 cc. 
of bromin, or sufficient to practically double the halogen content when titrated 
against the thiosulphate solution, but with the iodin slightly in excess. 

(b) Decinormal thiosulphate solution — Make by dissolving 24.6 grams of the 
freshly-powdered, chemically-pure salt in water, and make up to 1,000 cc. 

(c) Starch paste — Prepare by boiling 1 gram of starch in 200 cc. of water for 10 
minutes, then cool. 

(d) Potassium iodid solution — Make by dissolving 150 grams of the salt in water, 
and making up the volume to 1,000 cc. 

(e) Potassium bichromate solution — Make by dissolving 3.874 grams of chemi- 
cally pure potassium bichromate in distilled water, and making up the volume to 
1,000 cc. 

(?) Standardization of the thiosulphate solution. — Introduce 20 cc. of the potassium 
bichromate solution into a glass-stoppered flask together with 10 cc. of potassium 
iodid and 5 cc. of strong hydrochloric acid. Then add slowly from a burette the 
sodium thiosulphate solution until the yellow color of the solution has nearly dis- 
appeared, after which add a little of the starch paste, and carefully continue the 
titration to just the point of disappearance of the blue color. Find the equivalent 
of 1 gram of iodin in terms of the thiosulphate solution by multiplying the number 
of cubic centimeters of the latter solution required for the titration by 5. The 
reciprocal of this result (expressed decimally) is the equivalent of 1 cc. of the thio- 
sulphate solution in terms of iodin. 

(8) Procedure. — Weigh out 0.3 to 0.5 gram of the fat in a glass-stoppered flask 
of 300 cc. capacity. Dissolve the fat in 10 cc. of chloroform, add 30 cc. of the iodin 
reagent, shake, and set in a dark place for half an hour. Add 10 cc. of the potassium 
iodid solution and 100 cc. of distilled water. Titrate the excess of iodin with the 
thiosulphate solution, which is slowly added from a burette until the yellow color 
has nearly disappeared, then add a little starch paste, and finally thiosulphate 
solution drop by drop until the blue color of the iodized starch is dispelled. Stopper 
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and shake the flask vigorously, and add sufficient thiosulphate to prevent a re- 
appearance of the blue color in five minutes. Conduct a blank determination at 
the same time, in exactly the same manner as in the above in order to obtain the 
cubic centimeters of thiosulphate solution equivalent to the 30 cc. of iodin solution 
used in the determination. Calculate the percentage of iodin absorbed (Leach, 
3d ed., p. 480). 

C — Refractive Index at 25° C. 

Take at any convenient temperature and calculate to 25°C. by the formula: 

R = R' + 0.55 (T' - T) t 

in which R is the reading reduced to T, R ' the reading taken at temperature T' 
(Bulletin 107, Revised, p. 131). 

RESULTS OF COOPERATIVE WORK. 

The reports of the collaborators are included in the table on pages 186 and 187. 

DISCUSSION. 

All collaborators report difficulty in obtaining satisfactory results on 
Sample 1, owing to the somewhat churned or partly-separated condition 
of the fat. The other samples were received in good or fairly good con- 
dition. Allowing for these difficulties, however, the results are quite 
satisfactory, and the consensus of opinion is that the continuous ex- 
traction method applied to rich cream and cream products will not only 
yield reliable quantitative results, but a sufficient amount of fat in proper 
condition for chemical examination. The general trend of the results 
indicates that the new method recovers as a rule a larger proportion of 
fat, both in the unhomogenized and homogenized samples. There are 
some irregularities which can be accounted for by lack of experience on 
the part of the analyst. There is sufficient evidence in the results sub- 
mitted to indicate that the modified new method may be relied upon when 
carried out under proper conditions and by an experienced analyst. The 
indications are that the results for fat will be higher than results obtained 
by the Roese-Gottlieb method. 

It is to be regretted that no reports have been received from two of 
the persons who offered to collaborate, and that one or two others were 
not able to submit complete reports. 

It is shown by results that the Reich ert-Meissl number is an important 
factor in judging the character and approximate percentage of foreign 
fat. The refractive index figures are very significant, especially in the 
case of Sample 4, and the iodin numbers on Samples 3 and 4 are decidedly 
corroborative of indications afforded by the Reichert-Meissl determinations. 

The following comments and criticisms were made by the collaborators: 
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COMMENTS OF COLLABORATORS. 

C. II. Biesterfeld , Bureau of Chemistry: Results by the Paul method are fine, being 
practically the same as by the Roese-Gottlieb. Whether the fats suffered any by 
standing a month in the refrigerator, I do not know. 

D. B. Gnadingcr , Bureau of Chemistry (Chicago): It would seem that the continu- 
ous extraction method yields a quantitative recovery of fat, and that for most 
dairy products it has the advantage of calling for a larger quantity of fat, thus 
insuring a better average sample than can be secured by the Roese-Gottlieb method. 
In my estimation, therefore, the extraction method is satisfactory for both purposes; 
the quantitative fat determination, and the separation of sufficient fat for exami- 
nation. Of the constants determined, it is my opinion that the Reichert-Meissl 
value is the one to be depended upon. The others may be useful for the purpose of 
corroboration. As to the question of homogenization, nothing was done, except 
to note the striking difference in the condition of the homogenized and unhomogen- 
ized samples; the former were quite smooth, and any slight separation was easily 
stirred up, w T ith the result that quite a homogeneous mixture was obtained, while 
the latter was entirely separated. 

L. B . Burnett , Bureau of Chemistry: Have obtained more consistent results with 
the continuous extraction method. While requiring much more time, no trouble 
was experienced with the method. The modification suggested for ice cream, that 
is, the manner of filtering on a pad of fibrous asbestos, although filtering slowly, 
a clear filtrate was obtained. Was considerably surprised to find that the per- 
centage of fat as obtained with the extraction method was invariably higher than 
that with the Roese-Gottlieb method. As a check the nonvolatile matter was 
estimated in the ether used for extracting, also the extract was dissolved in petroleum 
ether and weighed a second time, but the corrections introduced in this way w T ere 
very slight. It is suggested that there w r as an incomplete extraction in the Rohrig 
tube. A third extraction was made in the Roese-Gottlieb method in addition to 
the tw r o requested, but the amount of fat obtained was so small as to be practically 
negligible. 

C. C. Forward, Laboratory of the, Inland Revenue Department , Ottawa, Can.: The 
results obtained by the method of A. E. Paul for fat in ice cream are not very satis- 
factory. If there had been more of the samples allowing for further work, results 
obtained might show to better advantage as the method requires some practice in 
manipulation in order to use it accurately. Sample 3 appears to be a mixture of 
butter fat with about one-third oleo oil, or about per cent oleo oil in the total 
mixture. In Sample 4 about one-third of the fat appears to be cottonseed oil. 

G. G. Parkin, State Dairy and Food Department, St. Paul, Minn.: Some difficulty 
was experienced in grinding the dried material with anhydrous cupric sulphate 
until free from lumps. The large amount of oil or fat was probably the cause of 
this trouble. The tendency of the material to pack in the extraction tube afforded 
some trouble, which w T as overcome by the packing of two alternate layers of cotton 
and material. The continuous extraction method gave results which agreed very 
well with the Roese-Gottlieb method. Its application would be advisable in all 
cases where a large amount of oil or fat is desired for further analysis and where the 
time element is not to be considered. 

R . W. Hilts, Bureau of Chemistry (Seattle): I have made a microscopic exami- 
nation of the samples with a view r of detecting homogenization. The samples w'ere 
examined under a magnification of 450 diameters with a micrometer eye-piece. 

Sample 1: The fat globules vary much in size. The large ones range from 5 
to 9.6 microns in diameter; the medium size, which predominate, range from 3.3 to 
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4.1 microns, and the smallest globules about 0.2 to 0.8 micron. In this normal 
sample, by far the bulk of the fat exists in the middle and large size globules, 
leaving considerable free space apparent between them. 

Sample 2: The large and medium size globules range from 2.7 to 6.9 microns in 
diameter and the small ones about 0.2 to 0.5 micron. In this sample the small 
globules predominate immensely in number, the medium and large ones being 
relatively few in number. The small globules are so numerous that free spaces be- 
tween them are very small. 

Sample 3: The large and medium globules range from 1.6 to 9.6 microns in di- 
ameter, the small ones about 0.2 to 1.3 microns. The statements made relative to 
Sample 2, as to general appearance and distribution of the globules, apply to this 
sample. There is noted in this sample, however, some very large globules that are 
even larger than those found in normal milk, due, doubtless, to the use of a foreign 
fat. 

Sample 4: The large and medium globules range from 2.7 to 8.2 microns in di- 
ameter and the small ones from 0.2 to 1.3 microns. The general appearance of the 
sample is the same as Sample 3. 

The use of a micrometer eye-piece is not necessary to distinguish the homog- 
enized from the natural product as the relative numbers of small, medium, and 
large globules are very striking to the eye, using the magnification stated. The 
measurements given for the smallest globules are only approximations, as they are 
really too small for measurement. Note that Koenig states, (Cliem. Menseh. Nahr. 
Genussm., 4th ed. 2 : 588) that the fat globules of cow’s milk range from 0.2 to 10 
microns in diameter, average being 2 to 3 microns. 

RECOMMENDATIONS. 

No further modifications of the proposed new method are suggested. 
It is believed that the method promises very favorably to be a valuable 
one, especially in view of the growing tendency to incorporate foreign 
fats into creams and ice creams. The results are doubtless sufficiently 
uniform to warrant a positive recommendation that the method be adopted 
as provisional at this meeting. It is also recommended that the general 
continuous extraction method as described in this report and the modifi- 
cations for milk and cream products be given further study, especial 
attention to be given to the modification for rich cream and ice cream. 


SUPPLEMENTAL REPORT. 

By C. H. Biesterfeld. 

In the work on creams by the Paul method, the mass after extraction for 
16 hours was reground and re-extracted for 5 hours, yielding the amounts 
of fat shown below, which were in each case less than 0.02 per cent on the 
charge taken. These amounts were included in the results previously 
reported. 
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METHOD 

SAMPLE 2 

SAMPLE 4 

Weight 

Fat 

Weight 

Fat 


grams 

gram 

per rent 

grams 

gram 

per cent 

Paul’s method 1 

27 

0.0028 

0 010 




Paul’s method 2 . . 

50 

0 0095 

0 019 

50 

0 0081 

0 016 


W. F. Hand gave a short talk on a piece of special apparatus used in 
the analysis of dairy products. 

A paper by H. J. Wichmann on Lime as a Neutralizer in Dairy 
Products was read by G. E. Patrick. 


REPORT ON CEREAL PRODUCTS. 

By H. L. White, Associate Referee. 1 

At a meeting of Committee C of this association held in 1912, the 
following recommendations, relative to methods for the analysis of wheat 
flour, we’e adopted: 

(1) That the method of Bryan, Given and Straughn (Bur. Chem. Cir. 71) for 
soluble carbohydrates be given a further trial. 

(2) That methods for the estimation of moisture by the use of the vacuum oven 
and vacuum desiccator, for estimating the acidity of the water extract of flour 
and Olson’s method for dry gluten be referred to the next referee for immediate 
consideration. 

SOLUBLE CARBOHYDRATES. 

In following out these instructions two samples of flour were sent to 
each of six chemists who had offered to collaborate in the work. Sample 
1592 was a hard red spring wheat patent. Sample 1244 was a straight 
flour made from a mixture of hard red spring wheat containing five per 
cent of sprouted wheat. Both samples gave good baking results, No. 
1592 having a loaf volume of 2340 cc. and No. 1244 a loaf volume of 
2345 cc. 


MB7THODS AND RESULTS. 

Soluble carbohydrates as dextrose . 

The method of Bryan, Given, and Straughn (Bur. Chem. Cir. 71), 
using both sodium carbonate and alcohol for extraction gave the follow- 
ing results : 


Read by E. F. Ladd. 
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Comparative results on soluble carbohydrates as dextrose. 



SAMPLE 1244 

SAMPLE 1502 

ANALYST 

Extraction 
with alcohol 

Extraction 
with sodium 
carbonate 

Extraction 
with alcohol 

Extraction 
with sodium 
caibonate 

R. F. Beard, Agricultural Col- 

per cent 

per cent 

per cent 


lege, N. D 

H. 0. Lichtenwalter, Kansas 

4 .49 
/ n.65 

4.42 

1 



City, Mo 

t n.58 

) 

\ *1.20 


L. H. Bailey, Washington, D. C. 

4 .49 

4.99 

4.12 



1 Average of 3 determinations. 2 Average of 4 determinations. * Results cal- 
culated from results expressed as invert sugar in next table. 


In connection with the work on carbohydrates, Mr. Lichtenwalter 
sent in the following results: 


b VM1M d< 
NO. 

EXTRACTION WITH ALCOHOL 

EXTRACTION W'lTH SODIUM CARBONATE 

Reducing sugar 
calculated as 
invert, j 

- 

Total sugar 
calculated as 
invert 

Sucro.se 

Reducing sugar 
calculated as 
invert 

Total sugar 
calculated as 
invert 

Sucrose 

1244 1 
1592 1 

per cent 

0 29 

0 28 

0 23 

0 25 

per cent 

1 67 

1.74 

1 19 

1 27 

per cent 

1.31 

1 38 

0 91 

0 96 

per cent 

0 98 

0.97 

0 92 

0 89 

per cent 

1 91 

Lost 

1.56 

1 60 

per cent 

0 88 

Lost 

0 01 

0 67 


Method I. — Use official method (Bulletin 107, Revised, page 38, 1), as a cheek. 

Method //.—Vacuum desiccator: In an eighth-inch Hempel desiccator put 1 liter 
of sulphuric acid (specific gravity 1.84). Weigh out 9 samples of flour of 2 grams 
each into tared flat aluminum dishes, fitted with covers. Exhaust the air, using 
a vacuum gauge to indicate the pressure. (Some workers maintain a vacuum of 
1 nun.; see J. Soc. Chem. Ind., 1913, 32: 72). In other determinations a vacuum 
of 15 mm. was maintained (Ibid., p. 69). Thoroughly mix acid and water layer 
twice each day. Remove and weigh 3 samples at the end of 3 days, 3 samples at the 
end of 5 days, and 3 at the end of 7 days. Increase the time until constant weight 
is obtained. 

Method ///.—Vacuum oven: Using 2 gram samples of flour, make a comparison 
of results obtained at 70°C. and 100°C. for 5 hours, maintaining the same vacuum, 
preferably 60 mm . 

Comparative results obtained by use of the different methods of deter- 
mining moisture are given in the following table: 
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L. H. Bailey reports that on heating Sample 1244 one hour longer than 
in Method I, a loss of 12.07 per cent resulted; Sample 1592 under the 
same conditions showed a loss of 11.90 per cent. In Method II he main- 
tained a pressure of not more than 10 mm. of mercury with Sample 1592, 
and with some variation in Sample 1244. R. F. Beard began with an 
initial pressure of 3 mm. of mercury and re-exhausted desiccator on each 
day that samples were removed for weighing. At the end of the 9-day 
period, the pressure in the desiccator was 114 mm. of mercury. The 
results seem to indicate that 5 or 6 days in a vacuum desiccator under 
low pressure gives the maximum loss of weight. Method III was tried 
in vacuum oven at 70°C. and at a pressure of approximately 80 mm. of 
mercury. The results obtained at 70°C. are considerably lower than 
those obtained by other methods. 

GLUTEN. 

Olson method . — Dough up 10 grams of flour with 6 cc. of water. After weighing 
the wet gluten, place it in a vacuum oven and dry for 3 hours under 65 cm. vacuum 
at 85°C. The reduced pressure and the temperature combine to cause the gluten 
to expand rapidly. Compare the results with those obtained by the method given 
in Bureau of Chemistry Bulletin 122, page 54. 


Comparative results on gluten. 


ANALYST 

SAMPLE 1244 

s\MPi.r 1592 

Olson method 

Bulletin 122 
method 

Olson method 

Bulletin 122 
method 

Moist 

Dry 

Moist 

Dry 

Moist 

Dry 

Moist 

Dry 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

R. F. Beard, Agricultural 









College, N. D 

33.39 

14.63 



34 56 

13 32 



II. L. Wessling, Washington, 









D. C. 


10 81 


10.51 


10 95 


10 85 


ACIDITY OF WATER EXTRACT. 

The acidity of the water extract of wheat flour depends on the time 
and temperature of extraction. Last year all collaborators agreed on 
40°C. as being the best temperature to maintain, but disagreed on the 
time of extraction. It seems desirable to limit the time of extraction to 
two hours at the most; perhaps one hour will be more satisfactory. The 
method is as follows: 

Method . — Weigh out 18 grams of flour into a 500 cc. Erlenmeyer flask and add 200 
cc. of distilled water free from carbon dioxid. Place the flask in a water oven kept 
at a temperature of 40°C. for the time indicated, shaking vigorously every half hour. 
Filter through dry double filters, rejecting the first 10 cc. of filtrate until 100 cc. 
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is obtained. Titrate with twentieth -normal sodium hydroxid using carefully 
neutralized phenophthalein as an indicator. Each cubic centimeter of sodium 
hydroxid solution represents 0.05 per cent of acidity expressed as lactic acid. 


Comparative results on acidity of water extract. 
(Expressed as per cent of lactic acid). 


ANALYST 

SAMPLE 1244 

SAMPLE 1592 

1 hour 

2 hours 

1 hour 

2 hours 

H. L. Wessling, Washington, 
D. C. 1 . 

0 125 

0 130 

0.135 

0.145 

II. L. White, Agricultural Col- 
lege, N. D 

0 128 

0 146 

0 130 

0.155 


1 Used 2 cc. of phcnolphthalein as indicator. 


RECOMMENDATIONS. 

It is recommended — 

(1) That the method of Bryan, Given and Straughn for the estimation 
of soluble carbohydrates be made official (results to be expressed as 
dextrose). 

(2) That the method for the estimation of acidity of water extract of 
flour given in this report, be made official. 

REPORT ON VEGETABLES. 

By E. W. Magruder, Associate Referee. 

CANNED FOODS. 

Since the associate referee for 1912 made no recommendations, it was 
decided to make some study of the percentage of easily separable liquid 
in some canned foods, such as tomatoes, corn, and butter beans. Time 
for this work, however, was limited and canned tomatoes was the only 
product studied. 

After some experimenting the regular fertilizer sieve with round holes 
1 mm. in diameter was adopted as the best for separating the liquid from 
the solid portion. The method of procedure was as follows: 

Determine the weight of the contents of the can and then transfer the material 
to the sieve and stir the material gently with a spatula to allow the liquid to drain 
away; allow the material to remain on the sieve 5 minutes, gently stirring just 
before the expiration of the time. Then weigh the liquid and calculate the per- 
centage of separable liquid. At the end of the 5 minutes a considerable amount of 
liquid is still left with the tomatoes, but the great bulk of easily-separable liquid 
will have drained away. Five minutes seems to be about the right length of time to 
allow for drainage, as the object is not to get out all of the possible liquid, but that 
portion which is easily separable in order to determine whether water has been 
added and whether the tomatoes are of good quality. 
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Seventy-seven cans were examined in this manner; of that number 
66 were the two, 6 the two and one-half and 5 the one and one-half pound 
cans. The average easily-separable fluid was 52 per cent, with the lowest 
38 per cent and the highest 64.4 per cent. About 60 per cent came 
between 47 and 57 per cent of separable liquid. In the majority of cases 
each sample represented a different brand, but in many cases duplicate 
and triplicate samples were examined, and different cans of the same 
brand of the same pack were found to vaiy greatly. In one case the 
separable liquid varied from 44 to 69 per cent with a difference of 16 per 
cent, in another case from 47 to 57 per cent, while in others the variation 
was about 1 per cent. 

In all of the cans the tomatoes were in good condition. In some cases 
the tomatoes had been selected and prepared with more care than in 
others, but in no case was there found any evidence of added water, 
although it could not be told positively that none had been added. As 
a result of this work canned tomatoes which do not contain more than 
50 per cent of separable fluid are considered by the associate referee to be 
excellent. Of course, tomatoes will vary from year to year in the amount 
of juice they contain and probably will vary at different seasons of the 
same year. A point which was not considered and which may have an 
influence on the separable liquid is the length of time the tomatoes have 
been canned. 

At the end of the work the total contents of the can and the separable 
liquid were measured in a graduated liter cylinder and the results agreed 
very closely with the results obtained by weighing. It is the opinion of 
the associate referee that the method of measuring could be substituted 
for weighing with advantage because of the saving of time which would 
thus be accomplished. This point, however, needs further study. 

It is recommended — 

(1) That the associate referee for the ensuing year make determinations 
of the easily-separable liquid in canned tomatoes, corn, and butter beans, 
paying especial attention to the size and kind of sieve and to the time 
allowed for drainage, and in the case of tomatoes to the effect of the age 
of the canned product on the amount of easily separable fluid. 


REPORT ON COCOA AND COCOA PRODUCTS. 

By H. C. Lythgoe, Associate Referee . 

MILK SOLIDS IN MILK CHOCOLATE. 

The present methods of the association for the determination of milk 
fat and lactose are satisfactory. The method of Baier and Neumann 
(Zts. Nahr. Genussm ., 1909, 18: 17) for the determination of casein was 
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studied last year and proposed as a provisional method. Several samples 
of commercial milk chocolate were obtained and analyses made by my- 
self and my assistants, the results of which are as follows: 


Analyses of milk chocolate. 


SAMPLE 

NO. 

MOISTURE 

ABH 

NITROGEN 

£ 

w 

3 

o 

TOTAL MILK PRO- 
TEINS 

FAT 

REICHERT-MEISSL 

NUMBER 

MILK FAT 

SUCROSE 

LACTOSE 

MILK PROTEINS 

X 1.454 

MILK PROTEINS 
DIVIDED BY 
MILK FAT 

ID 

g 

n 

§ 

8 

5 

1 

1 48 

1 90 

1 34 

3 14 

3 92 

33 09 

4 51 

5 64 

38 63 

4 84 

5 70 

0.69 

15 26 

2 

1 32 

2.30 

1 49 

3 90 

4 87 

32 04 

5 01 

6 18 

36 08 

6 60 

7 04 

0 79 

18 57 

3 . 

2 06 

2 26 

1 92 

3 69 

4 62 

24 12 

5 17 

5 82 

44 89 

6 22 

6 72 

0 79 

17 63 

4 

0 70 

1 97 

1 26 

2 40 

3 08 

31 18 

2 79 

3 26 

43 64 

4 35 

4 48 

0 94 

11.37 

5 

1 30 

1 84 

1 20 

3 29 

4 11 

33 93 

4 29 

5 47 

41 02 

6 58 

5 97 

0 75 

17 20 

6. 

1 22 

2 00 

1 36 

4 00 

5 00 

30 16 

5 83 

6 84 

42 19 

8 47 

7 27 

0 73 

21 62 


Composition of milk used. 


SAMPLE NO. 

SOLIDS 

FAT 

PROTEINS 

ASH 

SOLIDS 
NOT FAT 

LACTOSE 

PROTEIN 

FAT RATIO 

1 

15 03 

5 59 

3 89 

0 75 

0 44 

4 80 

0 69 

2 

13 70 

4 56 

3 59 

0 75 

9 14 

4 80 

0.79 

3 . . 

13 59 

4 48 

3 56 

0 75 

9 11 

4 80 

0 79 

4 

12 55 

3 60 

3 40 

0 75 

8 95 

4.80 

0 94 

5 

12 54 

3 99 

3 00 

0 75 

8 55 

4 80 

0 75 

6 

12 20 

3 88 

2 83 

0 75 

8 38 

4 80 

0 73 


CALCULATION OF THE COMPOSITION OF THE MILK USED. 

Milk proteins were calculated by multiplying the per cent of casein by 
1.25. About 80 per cent of the total milk proteins is casein, the balance 
albumin. Milk sugar and ash are the least variable of all the constituents 
of milk. The sugar will vary in herd milk from 4.3 to 5.3 per cent, and 
from 4 to 5.8 per cent in milk from individual cows. The average milk 
sugar of 437 samples of milk of known purity examined during the past 
six years by the Massachusetts State Board of Health is 4.78 per cent, 
and of 47 samples of herd milk is 4.83 per cent. For the calculation of the 
composition of the original milk, 4.8 per cent was assumed to be the 
sugar content and 0.75 per cent the ash content and the computation was 
made by proportion. Thus in Sample 2, the milk sugar found was 6.50 
per cent, the milk proteins 4.87 

6.50:4.80 = 4.87 :x 

x = 3.59, the per cent of proteins in the milk. 

The sum of the fat, proteins, lactose, and ash gives the total solids and 
by proportion the total milk solids in the chocolate was obtained. For 
example, in Sample 2, the milk solids of the milk used was found to be 
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13.70 per cent, the lactose (assumed) 4.80 per cent, the lactose in the 
chocolate was 6.50 per cent. 

4.80:6.50 = 13.70 :x 
x = 18.59 per cent of milk solids in chocolate. 


DISCUSSION OF RESULTS. 

The best comparison of the figures are those comparing the calculated 
values with actual milk analyses, which are shown in the following table: 


Analyses of milk. 



SOLIDS 

FAT 

PROTEIN! 

ASH 

LACTOSE 

PROTEIN 
FAT RATIO 

Sample 

15.03 

5.59 

3.89 

0.75 

. 4.80 

0.69 

Average of 10 samples 
of milk 

15.00 

5.62 

3.75 

0.76 

4.87 

0.67 

Sample 2 

13.70 

4.56 

3.59 

0.75 

4.80 

0.79 

Average of 10 samples.. 

13.70 

4.59 

3.40 

0.75 

4.77 

0.74 

Sample 3 

13.59 

4.48 

3.56 

0.75 

4.80 

0.79 

Average of 10 samples. . 

13.60 

4.67 

3.40 

0.75 

4.78 

0.73 

Sample 4 

12.55 

3.60 

3.40 

0.75 

4.80 

0.94 

Average of 10 samples.. 

12.50 

3.99 

2.84 

0.73 

4.94 

0.71 

Sample 5 

12.54 

3.99 

3.00 

0.75 

4.80 

0.75 

Average of 10 samples.. 

12.50 

3.99 

2.84 

0.75 

4.94 

0.71 

Sample 6 

12.26 

3.88 

2.83 

0.75 

4.80 

0.73 

Average of 10 samples.. 

12.30 

3.89 

2.81 

0.72 

4.88 

0.70 


According to the above comparisons all the calculated values are normal 
for milk of the same solids except 4, and the conditions found here may 
be due to the use of some skimmed milk. Assuming the average milk 
protein to be 3.30 per cent and the average sugar to be 4.80, the 
percentage of milk proteins multiplied by 1.454 would give the percentage 
of lactose. This ratio, however, varies with the composition of the milk 
used. The value with milk of 11.5 per cent of solids would be 1.8 and 
with milk of 14 per cent of solids would be 1.42. Therefore, not very 
reliable comparisons between the found and calculated lactose can be 
expected unless the milk used contained about 13 per cent of solids. 

The protein-fat ratios show that the methods for both casein and 
milk fat give results which are to be expected in products made from milk 
and are, therefore, reliable methods. The methods for casein and milk 
fat were tried upon a sample of malted milk with the following results: 
Fat 7.09 per cent, Reichert-Meissl number 27.6, casein 6.65 per cent. 
The method for casein applied to a proprietary food containing casein 
gave the following results: Total proteins (N X 6.38), 79.66 per cent; 
casein 79.68 per cent. 

It is recommended that the methods for the determination of casein 
and milk fat as proposed last year be adopted as provisional. 
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REPORT ON TEA AND COFFEE. 

By J. M. Bartlett, Associate Referee. 

As no report on methods of analyses for tea and coffee was given in 
1912 the associate referee for 1913 was referred to the report of 1911, 
when a study of methods for the determination of caffein was made with 
recommendations that these methods be given further study. Therefore, 
the work has been confined to that subject. The Gorter and the modified 
Stahlschmidt methods, together with one suggested by H. C. Fuller 
of the Institute of Industrial Research, were selected as the most promis- 
ing for the work. Five chemists signified a desire to take part in the work 
and in May a sample of tea and one of coffee were sent them. These 
samples were prepared by grinding and mixing thoroughly several pounds 
of material which had been purchased on the market. The following 
instructions were sent with each set of samples : 

INSTRUCTIONS TO COLLABORATORS. 

Determine caffein or thein in each of the samples by the following methods : 

FULLER METHOD FOR TEA AND COFFEE. 

Weigh carefully 10 grams of No. 60 powder into a 500 cc. Erlenmeyer, add 100 cc. 
of water, 10 cc. of 10 per cent hydrochloric acid, and heat to boiling with a reflux 
condenser for 2 hours. Cool, decant liquid through a filter, treat solid material 
with 3 portions, 50 cc. each, of boiling water, filtering through same paper as just 
used and wash material on filter with 50 cc. of boiling water. Concentrate to 150 cc. 
by evaporating over steam or water bath. Transfer filtrate to a 500 cc. separator, 
Squibb type, add 5 cc. of stronger ammonium hydroxid, shake out with 50 cc. portions 
of chloroform five times. After the first shaking out let the separator rest until the 
separation is as complete as it will be; then run chloroform into another 500 cc. 
separator; add the second portion of chloroform and shake again, after standing 
until no further separation occurs, run the solvent and the adhering emulsion, if 
any, into the second separator, but do not run any of the nonemulsified liquid. 

Repeat three times, running chloroform and any emulsion into the second separa- 
tor. Then discard the liquid in the first separator and give the second sepaiator 
containing the chloroform and emulsion a violent shaking; let stand and then run 
chloroform into a 250 cc. Erlenmeyer flask. If there is an emulsion remaining in 
the separator, add 1 to 5 cc. of 94 per cent alcohol and shake. When the chloroform 
has separated, add it to that in the 250 cc. flask. Add about 25 cc. of chloroform 
to the aqueous alcoholic layer in the separator and agitate; after separation run 
the chloroform into the 250 cc. flask and then evaporate off the chloroform on the 
steam bath using a moderate blast of air and removing from bath as last portions 
evaporate to avoid spattering. When the residue of crude caffein is dry add 10 cc. 
of dilute hydrochloric acid (10 per cent) and 50 cc. of water and warm until caffein 
is dissolved. Cool and precipitate with 50 cc. of iodin solution (10 grams of iodin, 
20 grams of potassium oxid, 100 cc. of water), stopper flask with cork and let stand 
overnight. 

Filter through 9 cm. filter and refilter filtrate, if necessary, washing flask and pre- 
cipitate twice with iodin solution, but not attempting to remove all of the precipi- 
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tate from the flask. Transfer filters to flaBk in which precipitation was made, add 0.5 
gram of sodium acid sulphite, or sodium sulphite, 3 cc. of 10 per cent sulphuric acid 
and 15 cc. of water and warm until iodid is decomposed, more salt being added if the 
amount is insufficient to decolorize. 

Filter into a separator (small 100 cc.), add excess of stronger ammonium hydroxid 
and shake out 5 times with 15 cc. portions of chloroform . Wash the combined chloro- 
form extracts with water which is discarded, and then concentrate to 10 to 15 cc.; 
add dry animal charcoal, shake and allow to stand one hour with occasional shaking; 
filter through a small filter into a tared dish, wash flask and filter 3 or 4 times with 
5 cc. portions of chloroform. Evaporate chloroform, dry residue in a desiccator and 
weigh. 

GORTER METHOD FOR COFFEE. 

Moisten 11 grams of finely-powdered coffee with 3 cc. of water, allow to stand 
for half an hour, and extract for 3 hours in a Soxhlet extractor with chloroform. 
Evaporate the extract, treat residue of fat and caffein with hot water, filter through 
a cotton plug and moistened filter paper, and wash with hot water. Make up the 
filtrate and washings to 55 cc., pipette off 50 cc. and extract four times with chloro- 
form. Evaporate this chloroform extract in a tared flask and dry the caffein at 100°C. 
and weigh. Transfer residue to Kjeldahl flask with a small amount of hot water 
and determine nitrogen by Kjeldahl or Gunning method. N X 3.464 = caffein. 

MODIFICATION OF THE STAHLSCHMJDT METHOD FOR TEA. 

Boil 6 grams of finely-powdered tea in a flask with several successive portions 
of water for 10 minutes each, and make up the combined aqueous extracts thus ob- 
tained to about 550 cc. with water. Add 4 grams of powdered lead acetate to the 
decoction, boil for 10 minutes, using a reflux condenser, then add water so that the 
solution will finally be exactly 600 cc. Then pour the solution upon a dry filter and 
evaporate 500 cc. of the filtrate, corresponding to 5 grams of the tea, to about 50 cc. 
and add enough sodium phosphate to precipitate the remaining lead. Filter the 
solution, and thoroughly wash the precipitate, evaporate the filtrate and washings 
to about 40 cc. Finally, extract the solution thus concentrated with chloroform 
in a separatory funnel at least four times and evaporate the chloroform extract to 
dryness, leaving the caffein, which is dried to constant weight at 75°C. and weighed. 

The associate referee will be very glad if other methods are being used 
in the work of the analysts to determine caffein, to have results by such 
methods reported, and the methods given in detail. 

RESULTS OF COOPERATIVE WORK. 

COMMENTS OF ANALYSTS. 

H.C. Fuller : I would suggest that in running the Gorter method, when the aque- 
ous liquid is to be shaken out with chloroform it should be made ammoniacal in order 
to hold back certain coloring matter and facilitate in the extraction of caffein. In 
the Stahlschmidt method for tea, it seems to me that the directions are not suffi- 
ciently explicit when it states that the solution should be made up to exactly 600 cc. 
According to the directions given, this could be done either in the hot or cold solu- 
tion, and if it is done hot and it is attempted to filter 500 cc., the hot solution will 
have a chance to evaporate somewhat, and, of course, it is cooling all the time it 
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is filtering — whence, becoming more concentrated, so that when you finally determine 
your casein you will be working with a proportion which represents really more 
than 5 grams of tea. I think this is one reason why we obtained higher results by 
this method than by my own. 


Results of analysis of coffee and tea. 


ANALYST 

CAFFEIN IN COFFEE 

Gorter 

Gravi- 

metric 

method 

Nitrogen 

X 3 464 

Fuller 

method 


per cent 

per cent 

per cent 

H. C. Fuller, Institute of In- 






dustrial Research, Washing- 






ton, D. C 

1 270 


*0.850 


1.170 




1.185 




f 1 .335 


1.123 



F. F. Exner, Bureau of Chemis- 

J 1.335 


1 282 


1.246 

try, Washington, D. C. . 

1 1.384 


1.246 


1.242 


i 1.344 


1 220 






[1.158 



H. B. St. John, Bureau of 






Chemistry, Washington, D. C. 

*1.777 


1.264 


1 195 

E. E. Sawyer, Agricultural Ex- 

/ 1.230 


1.205 


1.204 

periment Station, Orono, Me . 

1 1.220 


1.230 


1.213 

Average ... 

1.287 

1.211 

1.211 


CAFFE IN OR THBJN IN TEA 


Modified 

Stahlschmidt 

method 

Fuller 

method 

per cent 

per cent 

3.140 

3.306 

3 170 
3.134 

3 178 

2.850 

1 2.704 
f 2.482 

i\X 3.4643 
3 073 

3 054 

2 995 

3 054 


2.916 

2.720 

2.782 

2.800 

2.783 

2.819 

3.055 

2.735 


1 Omitted from average. 

2 Purified by shaking out with sodium carbonate solution. 


B. H. St. John: It seems to me that the Gorter method could be successfully 
modified as follows: After shaking out the aqueous solution with chloroform, run 
the chloroform into a second separator and shake with a strong solution of sodium 
carbonate. The sodium carbonate solution will remove most of the coloring matter. 
Then pass the chloroform to a third separator and wash with water. Treat the re- 
maining chloroform shakeouts from the aqueous solution in the same manner, pass- 
ing them successively through the sodium carbonate and wash water. Unite the 
washed chloroform extracts, evaporate, dry and weigh, and put through the method 
of purification given in the Fuller method. I have given the results of one sample 
run in this manner. The results obtained by the modification suggested, represents 
only a limited amount of work. From the analyses of the samples in question, 
however, together with the results obtained upon a number of samples of medicated 
soft drinks, the modification suggests itself to me as being worth further work to 
determine whether or not it will be of value. 

F . F. Exner : The Fuller method is laborious, time consuming, and by no means 
accurate. With tea the initial extraction with water is incomplete. This was 
proved by using the tea residue from two extractions in one portion, pouring more 
water over it, letting this stand on the steam bath for 2 hours, filtering and treating 
the filtrate as above for caffein; 0.028 gram of caffein was obtained. This would be 
0.014 gram for each portion, which probably accounts for the low results obtained 
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with the tea. The first extraction with chloroform is difficult because of persistent 
emulsions especially with the tea. The caffein obtained from the tea is fairly 
white and pure, both by one sublimation, or by the iodin precipitation, so that the 
use of charcoal is not necessary. With coffee the first extraction with water seemed 
to be complete. Further extraction of the residue gave only a negligible amount 
of the additional caffein. The emulsion of the first chloroform extraction is not so 
persistent as is the case with the tea, but the caffein was still colored yellowish 
when purified by two sublimations or by the iodin purification. The two methods 
of purification are about equally efficient, but the sublimation is much shorter and 
simpler. The attempt to purify the caffein further by means of bone black proved 
unsuccessful. Though some of the color was removed, the caffein was not entirely 
white after this operation. It is very difficult to recover all the caffein upon filter- 
ing; although the charcoal and filter were thoroughly washed with chloroform, the 
0.1246 gram of caffein from Experiment 2 with coffee, yielded only 0.1020 gram after 
treating with charcoal. 

In the Gorter method for coffee the initial extraction is convenient and complete. 
I used a large extractor with a large paper thimble li inches in diameter. I found 
it much better to remove the fat from the crude extract with petroleum ether, be- 
fore dissolving the caffein in hot water. This was done as follows: Pour 5 cc. of 
petroleum ether on the extract, dissolve the fat and decant the liquid through a 
small cotton plug in the stem of a small funnel. Repeat three times with 3 cc. 
portions of fresh petroleum ether; catch the filtrate in a small beaker and evaporate 
the ether off on the steam bath. Exhaust the caffein residue with boiling water 
according to the instructions, and filter through the same funnel and cotton plug, 
the filtrate being received in the separating funnel. Finally pour 5 cc. of hot water 
on the oil in the small beaker, heat the mixture and pour the whole onto the same 
filter at once. In this way all the water extract will run through the filter before 
it becomes clogged with the oil. A clean filtrate is obtained in which the subsequent 
extraction with chloroform is very rapid. 

Caffein is nearly insoluble in petroleum ether, but any traces that may have 
dissolved with the fat will be recovered by the subsequent treatment of the fat 
with water. There was a question in my mind as to whether the large amount of 
impurities in the residue from the second chloroform extract might not contain nitro- 
gen and so yield high results by the Kjeldahl method. I thought, therefore, to try 
a new form of sublimator which the writer has used with satisfaction on benzoic 
acid. It was thought that purification might be brought about and the caffein 
weighed directly. But the sublimate from the first sublimation was always of a 
pale sulphur yellow color, and after the second sublimation, a pale cream color. 
The second sublimate seems fully as pure as the results obtained by the Fuller method 
in the iodin treatment, but compared with the nitrogen estimation, the results are 
still high. 

Experiments 8 and 9 (see table following) show that the nitrogen determination 
is probably reliable, even when the crude, unpurified caffein is treated by the Kjel- 
dahl method, so the attempted purification by sublimation is not necessary. Indeed 
even though the results from the second sublimation are still somewhat high, there 
has been sustained a slight loss of caffein, for when the second sublimate is treated 
by the Kjeldahl method, the results are somewhat lower than in Experiments 8 and 
9. Experiments 12 and 13 were for the purpose of checking the nitrogen method 
on pure material, and the results are entirely favorable. 

The modified Stahlschmidt method for tea proved on the whole quite satisfactory. 
I made* the first extractions with 150 cc. of water and repeated the operation five 
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times with 100 cc. of water. The lead acetate was added as directed before the last 
extraction was made. This last portion was used for the final filling to the mark. 
In this way the extraction was practically complete. To test this, the residues from 
the four experiments were combined and heated for several hours with water. The 
liquid was treated separately for caffein and only 4 mg. were obtained. This would 
be 1 mg. for each portion. The caffein as first weighed had considerable color, and 
the result is doubtless high. One sublimation gave a product of a good white color, 
though the solution of the sublimate in chloroform still had a slight yellow tint. 
Instead of the sublimation the nitrogen determination may also be used, and I 
believe we are justified in placing confidence in the result. The sublimation weight 
will doubtless always be slightly higher, but either method of purification may be 
considered satisfactory here. 


Results of sublimation of caffein in coffee. 


METHOD 

AMD 

EXPERIMENT 

COFFEE 

USED 

CRUDE 

CAFFEIN 

CAFFEIN IN 

FIRST 

SUBLIMATION 

CAFFEIN IN 
SECOND 
SUBLIMATION 

CAFFEIN PURI- 
FIED BY IODIN 
PRECIPITATION 

NITRO- 

GEN 

n X 3.4643 

— CAFFEIN 

FULLER j 

method: j 

gram » 

gram 

gram 

per cent 

gram 

per cent 

gram 

per cent 

gram 

gram 

percent 

1.. . ! 

10 


0 1316 

1.316 

0 1288 

1 288 






2 

10 






0 1246 

1 246 




3 . . 

10 






0 1246 

1 246 




OORTER 

method: 

; 

. 











1 

11 

0 1931 

0 1578 

1 438 

0 1468 

1 335 






r* • • •• 

11 

0 2067 

0 1587 

1 443 

Loss 







« 3 . . . 

11 

0 1540 

0 1361 

1 237 








4.. . 

11 

Loss 










6 .. 

11 

0 1936 

0 1539 

1 399 

0 1468 

1 335 



Loss 



re . . .. 

11 

0 1852 

0 1478 

1 344 





0 037614 

0 13031 

1 185 

17. . 

11 

0 1614 

0 1366 

1 242 





0 035649 

0 12350 

1 123 

8 . 

11 








0 040702 

0 14100 

1 282 

9 . 

11 








0 039580 

0 13704 

1 246 

10 ... 

11 

0 2330 

0 1622 

1 475 

0 1522 

1 384 



0 038740J 

0 13420 

1 220 

11 . . . 

11 

0 1994 

0 1520 

1 382 

i 0 1478 

1 344 



0 037333 

0 12733 

1 158 

12 . . 


0 3060 

c. p. anhydrous caffein taken j 



0 087859 

0 30437 

99 460 

13 .... 


0 2794 


do 




0 071000 

0 27714 

99 190 


1 Loss in axtruction ; results not comparable, except to show relation between sublimation and nitrogen 
results. Experiments 1, 5, 8, 9, 10, 11, 12 and 13, should be given chief weight. No. 2 is all right as far as it 

goes. 


Results of sublimation of caffein in tea. 
Fuller method. 


EXPERIMENT NO. 

TEA USED 

CAFFEIN IN FIRST SUBLIMATION j 

CAFFEIN PURIFIED BY IODIN 
PRECIPITATION 


grams 

gram 

per cent 

gram 

per cent 

1 

10 

0.2542 

2.542 



2 

10 




2.704 

3 

10 




2.482 

4 

10 

0.2724 

2.724 






1 
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Modified Stahlschmidt method . 


EXPERI- 
MENT NO. 

TEA 

USER 

CAFFEIN FROM 5 
GRAMS OF WEIGHED 
EXTRACT 

CAFFEIN FROM 3 
SUBLIMED 

NITROGEN 
FROM 5 

NX 3.4043 

« CAFFEIN 


grama 

gram 

per cent 

gram 

percent 

gram 

gram 1 

percent 

1 

6 

0.1802 

3.604 

0.1653 

3.306 



3.073 

2 

6 

0.1614 

3.228 

0.1585 

3.170 

IlKlfjjl rj\ 


3.054 

3 

6 

0.1594 

3.188 

0.1567 

3.134 

lOurT 


2.995 

4 

6 

0.1614 

2.228 

0.1589 

3.178 

mm 

0.15267 

3.054 


NOTE BY ASSOCIATE REFEREE. 

The results on the whole by all three methods are quite satisfactory 
with the coffee, but it is evident that the Fuller method gave rather low 
results on tea. It is evident that the Gorter method yields the caffein 
in a somewhat impure condition and it is necessary to determine the 
nitrogen in the residue in most instances to arrive at a correct result. The 
Fuller method, on the other hand, yields the caffein in a fairly pure con- 
dition and in the case of coffee the results obtained agree very closely 
with those obtained by the Gorter method when calculated from the 
nitrogen determined. If some modifications can be introduced into the 
Fuller method to facilitate the extractions and filtrations in the first 
part of the method, which are now very tedious and somewhat incomplete, 
particularly in the case of tea, it could possibly be made an accurate and 
desirable method for both tea and coffee. 

RECOMMENDATIONS. 

It is recommended — 

(1) That the Fuller method for determination of caffein in tea and 
coffee be further studied with a view to improving the method of extrac- 

* tion and filtration. 

(2) That the Gorter method be further studied with a view to purify- 
ing the caffein with sodium carbonate solution for direct weighing. 

(3) That the modified Stahlschmidt method be given another trial for 
the determination of thein in tea. 


THE SUBLIMATOR AND ITS USE. 

By F. F. Exner. 

The substance to be sublimed is placed in the bottom of the sublimation 
flask. It can be weighed in the flask, for this is composed of an ordinary 
beaker flask of light glass and 10 ounce capacity. The glass coil is fitted 
to slip easily through the perforations in the cork, yet the apparatus 
should not leak. The bottom of the cork which goes inside the flask is 
covered with a disk of tin foil. Through a third perforation in the cork 
is slipped a glass tube about 10 cm. long, its lower end being flush with 















1916] 


exner: the sublimator 


209 


the bottom of the cork. The apparatus is supported on a wire gauze 
with asbestos, on a stand above a Bunsen burner. The ends of the glass 
coil are connected with rubber tubes to the tap so that a slow current 
of water will pass through the coil. The bottom of the flask is gently 
heated with a flame about 1 inch high under the asbestos. The caffein 
soon begins to sublime and condense on the cooled coil. When most 
of the substance has been driven from the bottom, a second flame, slightly 
yellow and rather large, but not too intense, is rapidly played around the 
sides of the flask until all has been completely volatilized and condensed 
on the coil. If some of the sublimate seems loose, the apparatus is shaken 
a little, and if anything falls off the coil it is again sublimed to the coil. 
When complete the apparatus is allowed to cool, the rubber tubes are 
disconnected, the apparatus carefully lifted from the stand, then the 
coil with the cork are lifted gently from the flask and placed in the 
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FIG. 2. a.-SUBLIMATOR. 


^.-WEIGHING TUBE. 


weighing tube. This is then supported on the stand and the stem of a 
funnel is attached to one coil and a double bend glass tube to the other. 
First alcohol, then ether, is run through the coil, and finally a current of 
air to dry it. The coil is then slipped from the cork, the tin foil being 
loosened and left with the coil. This is placed in a desiccator and weighed. 
Previous to the sublimation the apparatus was weighed in the same way. 
The difference gives the sublimate. 

The expansion tube . This has a small rather loose plug of cotton in 
the upper end, and is weighed separately before and after the sublimation. 
There is usually from 0.6 to 1.5 mg. of the sublimate in this tube. 

For benzoic acid which sublimes nicely from 120° to 140°C., the writer 
uses a glycerol bath. The caffein can be sublimed also in a glycerol bath, 
but the fumes are annoying. A convenient air bath could readily be 
devised, but the above procedure does so well that it is hardly worth while 
to use these accessories. 
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REPORT ON PRESERVATIVES. 

By A. F. Seeker, Associate Referee. 

The work this year has been confined entirely to the detection and 
determination of formic acid. An examination of the literature indi- 
cates that small amounts of formic acid may exist naturally in certain 
products or may be found in small amounts during the process of distil- 
lation required to separate it in the pure condition necessary for a qualita- 
tive test. It has been found 1 that formic acid is formed during the fer- 
mentation of sugars by yeast and is also decomposed during the same 
process so that little, if any, finally remains. The question of its presence 
in honey is still open, though the work of Fincke, 2 Famsteiner,* and 
Heiduschka and Kaufmann 4 shows that the amount present is in any 
event less than 0.02 per cent, many samples showing none at all. It is 
also said to be produced by the slow oxidation of some terpenes in the 
presence of moisture 6 which would lead to traces being found in some prod- 
ucts flavored with essential oils. Further it has been shown 8 that small 
amounts of formic acid are formed when carbohydrates are distilled in 
acid solution, Kreis expressing the opinion that qualitative tests are for 
this reason of no value and that quantitative results alone will indicate 
the presence or absence of added formic acid. In view of these state- 
ments contained in the literature, the plan adopted for this year’s work 
was as follows: 

(1) To select what appeared to be the most satisfactory method for determin- 
ing formic acid and to test its accuracy upon some simple mixtures. 

(2) To examine as many food products as possible with a view of ascertaining 
how much formic acid (or what appears to be formic acid) exists in them naturally 
or is produced in them by the operations required for its determination. 

(3) To submit to collaborators for analysis samples of food products containing 
known amounts of added formic acid together with a detailed description of the 
method for its determination. 

A study of the quantitative methods that have been proposed, a com- 
prehensive bibliography of which may be found in Fincke’s paper on 
“The Detection and Determination of Formic Acid” 7 would indicate 
that the reduction of mercuric chlorid and weighing of the resulting 
mercurous salt would yield the best results for practical purposes. The 

1 Franzen, Chern. Ztg., 1911, 35: 1097; Franzen and Steppuhn, Zts. Physiol. Chem' 
1912, 77: 129. 

2 Zts. Nahr. Genussm., 1912, 23 : 255. 

J Ibid., 1908, 16: 598. 

4 Ibid,, 1911, 21: 375. 

‘Kingzett and Woodcock, Chem. News, 1912, 106 : 26; J. Soc. Chern. Ind., 1910, 
29:791. 

•Fincke, Zts. Nahr. Genussm., 1911, 21: 13; Kreis, Mitt. Lebensm. Hyg., 1912, 2: 

205 • 266. 99 1 1 

1 Biochem. Zts., 1913, 61: 253. 
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method of Wegner 1 depending upon the formation of carbon monoxid by 
treating formates with concentrated sulphuric acid 2 has also been strongly 
recommended and may prove of value for confirmatory purposes, but 
appears to be too elaborate for general use. 

The procedure selected was that devised by Heinrich Fincke 3 which 
consists in distilling the material, acidified with tartaric acid, in a current 
of steam, passing the vapors through a boiling suspension of calcium 
carbonate in water, the vapors being then condensed and collected in 
order to measure the amount of vapor that has been passed through the 
sample. The calcium carbonate mixture is filtered and formic acid de- 
termined in the filtrate by reduction of mercuric chlorid. The points to 
be particularly observed in this procedure are: 

(1) That the volume of the sample shall not exceed 100 cc. and that 
it be kept at that volume throughout the distillation. 

(2) That not less than 1,000 cc. of distillate be collected. 

(3) That the substance shall contain no free mineral acid. 

(4) That sulphurous, sorbic, glyoxylic, levulinic, and fumaric acids 
are absent. 

Regarding the first two points Fincke found that with 100 cc. of sub- 
stance and 1 liter of distillate, 90 to 95 per cent of the formic acid is re- 
covered. By increasing the amount of substance or by decreasing the 
amount of distillate the percentage of recovery rapidly diminishes. 

These statements have been confirmed by the associate referee, as the 
following results show: 

Amount Formic acid 
of distillate, recovered. 


Substance cc. per cent. 

0.0992 gram of formic acid, 100 cc. of water 200 52 

0.0992 gram of formic acid, 100 cc. of water 500 85 

0.0992 gram of formic acid, 100 cc. of water 1000 96 

0.0992 gram of formic acid, 50 cc. of water 1000 98 

0.0992 gram of formic acid, 150 cc. of water . 1000 85 


It has been found as pointed out by Fincke that formic acid is produced 
upon distilling solutions of carbohydrates containing free mineral acid, 
and methods based upon this procedure, several of which have been 
proposed, are certain to give high results. 


1 Zts . Anal. Chem., 1903, 42 : 427. 

* Ost and Klein, Chem. Ztg. y 1908, 32 : 815; Merl, Zts. Nahr Genussm ., 1908, 16 : 
389; ROhrig, Ibid., 1910, 19 : 1 . 

• Zts. Nahr. Genussm ., 1911, 21 : 1; 1911, 22 : 88; 1912, 23 : 255; 1913, 26 : 386; and 
Biochem. Zts., 1913, 61 : 253. 
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The following experiments by the referee show this to be true: 


Composition of solution distilled 

50 grams of sucrose, 2 grams of tartaric acid, 100 cc. of water 

50 grams of sucrose, 2 cc. of 85 per cent phosphoric acid, 100 cc. of water. . . 

50 grams of sucrose, 1 cc. of 85 per cent phosphoric acid, 50 cc. of water 

50 grams of sucrose, 5 cc. of 85 per cent phosphoric acid, 50 cc. of water 

A commercial chocolate fountain sirup (total solids 70 per cent, Bucrose 
53 per cent) in a dilution of 50 grams to 250 cc., acidified with 5 to 10 cc. 

of 20 per cent phosphoric acid 

Same chocolate sirup in same dilution acidified with 2 grams of tartaric 
acid 


Grama of 
formic and 
found. 

0.0024 
0.0102 
* 0.0639 
0.2157 


0.1021 

0.010 


Concerning the nature of interfering substances and their removal, 
only the effect of the common preservatives, sulphurous, benzoic and 
salicylic acids have been studied. In his early work Fincke sometimes 
used a barium carbonate suspension instead of calcium carbonate for 
absorbing the vapors of formic acid, but in his later work for unexplained 
reasons, only calcium carbonate was used. It is well known that barium 
sulphite is comparatively insoluble in hot water and it was thought prob- 
able that by substituting barium carbonate for calcium carbonate in 
Fincke’s procedure the interference of sulphurous acid could be eliminated. 
As a test of this theory a mixture of 100 cc. of water, 2 grams of barium 
carbonate, and 5 cc. of a saturated solution of sulphur dioxid in water 
were mixed in the cold and filtered. The filtrate was reduced in the 
regular way and yielded the equivalent of 0.0037 gram of formic acid as 
mercurous chlorid. A mixture of the same composition as the above 
was then prepared and boiled before filtering, the last operation being 
conducted while hot. The reduced mercury salt amounted to the equiv- 
alent of 0.0010 gram of formic acid. 

The next experiments were conducted in the manner of the regular 
Fincke determinations using a suspension of barium carbonate instead of 
calcium carbonate. 

Reduction 
equivalent to 


grams of 

Composition of solution formic acid. 

75 cc. of lime juice, 25 cc. of water 0.0026 

75 cc. of lime juice, 25 cc. of water, 100 mg. of sulphur dioxid 0.0032 

75 cc. of lime juice, 25 cc. of water, 100 mg. of sulphur dioxid 0.0041 

100 cc. of cherry juice, 2 grams of tartaric acid, 0.2 gram salicylic acid. 0.0026 

50 grams of strawberry sirup, 0.05 gram of benzoic acid, 2 grams of tartaric 
acid, 50 cc. of water 0.0015 


With these preliminary tests completed the method as follows was 
adopted for trial: 

FINCKE METHOD FOR FORMIC ACID. 

APPARATUS. 

A device for generating steam. 

A 300 cc. round bottom flask (hereafter designated A). 
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A 500 cc. round bottom flask (hereafter designated B). 

A condenser and a receiver in which the distillate may be measured. 

When in operation the steam passes through the liquid in flask A and then into 
the next flask by way of a spray trap and connecting tube the end of which reaches 
almost to the bottom of flask B and is furnished with a special tip consisting of a 
bulb containing a number of small holes for the purpose of breaking the vapor into 
small bubbles. From the second flask the vapor passes into the condenser and from 
thence the distillate passes into the receiver which is graduated to show a content 
of 1 liter. 

PROCEDURE. 

For thin liquids like fruit juices use 50 cc. 

For heavy liquids and semi-solids like sirups and jams use 50 grams diluted with 
60 cc. of water. 

Place the sample in flask A, add 1 gram of tartaric acid (samples like lime juice 
which are naturally very acid need not be acidified), heat to boiling and steam dis- 
till, passing the vapor through a boiling suspension of 2 grams of barium carbonate 
in 100 cc. of water contained in flask B. If the sample contains much acetic acid 
more barium carbonate must be used in order that an excess of 1 gram remains at 
the end of the operation. The vapor issuing from flask B is condensed and measured. 
Continue the distillation until 1 liter of distillate is collected, the volume of liquid 
in flasks A and B being maintained as nearly constant as possible by heating with 
small Bunsen flames. After 1 liter of distillate has been collected disconnect the 
apparatus and filter the contents of flask B while hot, washing the barium carbonate 
that remains on the paper with a little hot water. The filtrate and washings should 
now measure between 100 and 150 cc. If not, it should be boiled down to that vol- 
ume. Add 10 cc. of Bodium acetate solution (50 grams of dry salt per 100 cc), 2 cc. 
of 10 per cent hydrochloric acid, and 25 cc. of mercuric chlorid reagent (100 grams of 
mercuric chlorid, 150 grams of sodium chlorid dissolved in sufficient water to make 
1 liter) . Mix thoroughly and immerse the container in a boiling water bath or steam 
bath for 2 hours. Filter on a tared Gooch, wash thoroughly with cold water and 
finally with a little alcohol. Dry in a boiling water oven for half an hour, cool and 
weigh. The weight of mercurous chlorid obtained multiplied by the factor 0.0975 
gives the weight of formic acid present. If the weight of mercurous chlorid exceeds 
1.5 grains the determination must be repeated using more mercuric chlorid reagent 
or a smaller amount of sample. 

A blank test should be conducted with each new lot of reagents employed in the 
reduction, using 150 cc. of water, 1 cc. of 10 per cent barium chlorid solution, 2 cc. 
of 10 per cent hydrochloric acid, 10 cc. of 50 per cent sodium acetate solution, and 
25 cc. of mercuric chlorid reagent. The weight of mercurous chlorid obtained in 
this blank test should be deducted from that obtained in the regular determination. 


RESULTS. 

A standard solution of formic acid to be used in testing the method 
was prepared and standardized both by titration and by reduction. 


By titration. 
Grams per 100 cc. 

0.00993 

0.00994 


By reduction . 
Grams per cc. 

0.00990 

0.00995 

0.00991 

0.00990 


Average, 0.00992 
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In the reduction method a blank reduction test was conducted upon 
the reagents and deducted from the individual determinations. 

The method applied to 50 cc. of aqueous solution containing 0.0992 
gram yielded 0.0979 gram of formic acid or 98.7 per cent recovery. 
Further tests of the method gave the following results: « 


AMOUNT OP MATERIAL TAKEN 

FORMIC ACID 1 
ADDED 

FORMIC ACID RECOVERED 

50 cc. of lime juice, 20 cc. of water 

gram 

0 

gram 

0.0018 

per cent 

50 cc. of lime juice, 20 cc. of standard formic 
acid 

0.1984 

0.1935 

96.6 

50 cc. of lime juice, 2 cc. of standard formic 
acid 

0.0198 

0.0201 

101.0 

42 cc. of lime juice, 7.6 cc. of standard formic 
acid 

0.0754 

0.0740 

98.2 

50 grams of strawberry sirup, 10 cc. of stand- 
ard formic acid, 40 cc. of water 

0.0992 

0.0946 

95.4 


The following determinations were made upon a variety of products 
in the course of routine inspection and represent the usual blank tests 
by this method when added formic acid iB absent. The blank test on 
reagents has been deducted in each case. 


Determination of formic acid from inspection samples. 


DESCRIPTION OF SAMPLE 


FORMIC ACID POUND IN 
GRAMS PER 100 OC. OR 
IN PER CENT BY 
WEIGHT 


N. Y. 37530 Honey-Cuban (bulk) 0 0091 

N. Y. 37023 Honey-Cuban (bulk) 0.0041 

N. Y. 36713 Honey-Cuban (bulk) 0.0029 

N. Y. 37025 Honey-Cuban (bulk) 0.0130 

Cherry juice pressed in laboratory 0.0032 

Strawberry sirup (sucrose 50 per cent) from juice pressed 

in laboratory 0 . 0009 

N. Y. 37814 “ Forest Pearl” summer drink sirup (in bottles). 0.0018 

N. Y. 37761 Lime juice (bulk) 0.0026 

N. Y. 38701 Lime juice (in bottles) 0.0019 

N. Y. 39910 Lime juice fortified (in bottles) 0.0014 

I. S. 23413 Blackberry jam 0.0081 

I. S. 9784 Crab apple jelly 0.0051 

I. S. 9786 Grape jelly 0 .0083 

N. Y. 40010 Raspberry juice (bulk) 0.0099 

N. Y. 39038 Blackberry juice (bulk) 0.0034 

N. Y. 39037 Cherry juice (bulk) 0.0043 

N. Y. 39174 Prune juice (bulk) 0.0067 

N. Y. 39767 Raspberry sirup (in bottles) 0.0040 


During the year one sample was met with containing added formic acid, 
N. Y. 37809, a cherry sirup imported from Denmark in bottles, analysis 
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showing 0.148 per cent. Another N. Y. 38558, a raspberry shrub, con- 
tained 0.043 per cent of formic acid which probably entered the com- 
pound through the use of commercial acetic acid in its preparation. 

It was found upon examining a coffee extract, I. S. 8885 E (solids 17.49 
per cent) that there was a notable amount (0.063 per cent) of what ap- 
peared to be formic acid present. Upon further investigation it devel- 
oped that coffee extract prepared in the laboratory from pure materials 
also contained formic acid, a solid extract made in this way having 0.627 
per cent and a liquid extract (100 cc. representing 100 grams of original 
coffee) 0.061 per cent. Qualitative tests gave slrong reactions for formic 
acid, but whether the entire reduction is due to this substance will bo 
further investigated. The referee has reason to believe from some uncom- 
pleted work that a similar reduction may be obtained from some roasted 
cocoa and roasted malt preparations, but this will be more fully reported 
later. That the partial caramelization of sugar will cause the formation 
of this reducing substance seems indicated by the results of a formic acid 
determination in which, through faulty regulation, the substance (grape 
jelly) was allowed to boil down too low during the distillation, the amount 
of formic acid found being 0.028 per cent, whereas in a determination 
properly conducted the result was 0.008 per cent. 

With respect to qualitative tests that of Fenton and Sisson 1 as em- 
ployed by Fincke 2 has been found exceedingly delicate, 0.5 mg. being 
detected without difficulty. The procedure is as follows: 

Introduce 10 cc. of the neutral or slight ly acid liquid into a test tube, add 0.5 
gram of magnesium ribbon in the form of a compact bundle, place a glass rod in the 
test tube upon the magnesium bundle in such a manner as to keep the magnesium 
at the bottom of the tube. Cool in a bath of ice water and add 6 cc. of 25 per cent 
hydrochloric acid a few drops at a time during an interval of about 30 minutes. 
When effervescence ceases test portions of the filtered liquid for formaldehyde by 
Leach’s test. As applied to sirups and fruit juices the filtrate from the barium 
carbonate suspension as obtained in the quantitative determination, can be boiled 
down to 10 cc. for this test, or 100 to 150 cc. of an ordinary steam distillate of 50 to 
100 grams of the substance are treated with barium carbonate, filtered, and the 
filtrate boiled down to 10 cc. 

The difficulty in employing this test is its delicacy, and owing to the 
fact that small amounts of formic acid may be present in some natural 
products or are formed during the process of distillation it can not be relied 
upon as a means of detecting added formic acid. The associate referee 
has obtained positive tests with some cocoa, coffee, wine, vinegar, and 
with sucrose distilled in an aqueous solution made slightly acid with 
phosphoric acid. 

1 Proc . Cambridge Phil. Son., 1908, 14 : 3S5. 

* Biochem. Zts 1913, 61: 259. 
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The conversion of formates to hydrocyanic acid has been tried by 
means of ammonium sulphate and phosphoric anhydrid, but both it and 
the Grosse-Bohle reaction 1 which consists in treating 10 cc. of the solution, 
first with 1 to 2 cc. of 26 per cent hydrochloric acid and then with fuchsin 
sulphite (0.1 per cent fuchsin hydrochlorid) have not been found to give 
satisfactory results. 

COOPERATIVE WORK. 

The collaborators this year were asked to test the accuracy of the 
Fincke method for the determination of formic acid. With this object 
in view sets of three samples were sent to each of fourteen collaborators, 
and seven replies were received, those cooperating being: (1) H. C. Fuller, 
Washington, D. C.; (2) A. L. Knisely, Portland, Ore.; (3) E. R. Ly- 
man, Portland, Ore.; (4) F. L. Shannon, Lansing, Mich.; (5) A. W. 
Hanson, Kansas City, Mo.; (6) R. W. Hilts, Seattle, Wash., and (7) C. 

H. Robinson, Ottawa, Can. The referee wishes to express his acknowl- 
edgments to these collaborators for their assistance in this work. 

The composition of the three samples sent to the collaborators was as 
follows: 

Sample A: 302 cc. of standard formic acid solution made up to 2 liters with 
commercial lime juice. The lime juice employed (N. Y. 37761) was part of a ship- 
ment in bulk received at the port of New York, and previous to being used was clari- 
fied by mixing with powdered asbestos and filtering. Formic acid added, 0.1408 
gram per 100 cc. A blank determination upon the original juice gave 0.0026 gram 
per 100 cc. 

Sample B: 302 cc. of standard formic acid and 1.5 grams of sodium salicylate 
made up to 2 liters with cherry juice. The cherry juice was pressed in the labora- 
tory from red cherries and clarified by mixing with powdered asbestos and filtering. 
Formic acid added, 0.1408 gram per 100 cc. A blank determination upon the original 
juice gave 0.0032 gram per 100 cc. 

Sample C: 353 cc. of standard formic acid solution and 60 cc. of alcohol made 
up to 2,544 grams with strawberry sirup. The strawberry sirup employed was pre- 
pared by mixing 1 liter of fresh strawberry juice, pressed in the laboratory, with 

I, 900 grams of granulated sugar, bringing to a boil, and straining through muslin. 
Formic acid added, 0.1377 per cent by weight. A blank determination upon the 
strawberry sirup alone gave 0.0012 per cent. 


l Zte. Nahr . Genussm., 1907, U: 89. 
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RESULTS. 

The results obtained by the collaborators are given in the following 
table: 


Cooperative results on determination of formic acid. 


ANA- 

SAMPLE A 

SAMPLE B 

SAMPLE C 

LY8T 

Formic acid recovery 

Formic acid recovery 

Formic acid recovery 


gram 

per cent 

gram 

per cent 

gram 

percent 

1 

0.1454 

97.1 

0.1416 

94.5 

0.1260 

91.5 

2 

0.1496 

99.9 

0.1506 


0.1366 

99.2 

3 

0.1484 

99.1 

0.1468 


0.1300 

94.4 

4 

0.1470 

98.1 

0.1480 

98.8 

0.14 

101.6 


0.1500 

100.1 

0.1500 


0.13 

94.4 

5 .... 

0.149 

99.5 


102.1 


.... 


0.105 

70.1 


95.4 


.... 

6 .. . 

0.153 

102.1 



0.135 

98.0 


0.153 

102.1 


101.1 

0.136 

98.7 

7 

0.142 

94.8 


92.7 

0.142 

103.1 


0.144 

96.1 


91.7 

0.139 

100.9 


DISCUSSION. 

R. W. Hilts in commenting upon the method says: 

I have used this method before, or an adaptation of it, in my work, and have also 
used the method of Wegner as described by Rohrig and found the two methods to 
check very well indeed. The latter method is too elaborate for routine employment. 
Would it not be well to have a qualitative confirmatory test in addition to the quan- 
titative method? I have used the following, based on Bacon's suggestion in Cir- 
cular 74: Distill about 25 cc. of the sample as in the quantitative method and boil 
down the filtrate from the suspended carbonate to about 30 cc. (or the simpler method 
may be used of receiving the distillate in a flask, adding the carbonate, and boiling 
down and filtering). Put in a small flask. Prove the absence of formaldehyde in 
this solution by testing a few cubic centimeters; add 1 gram of magnesium ribbon; 
attach an air condenser, stand in cold water and maintain an evolution of hydrogen 
for 1 hour by the gradual addition of hydrochloric acid, in small quantities. Test 
the solution for formaldehyde by the Leach or Hehncr test. For qualitative pur- 
poses only about 300 cc. of distillate need be collected. Two or 3 mg. of formic acid 
can be detected after reduction in this manner, in my experience. Of course, a 
qualitative method such as the above should be well tested out on various fruit 
juices before being actually proposed for adoption. 

There have been no unfavorable comments upon the method from the 
collaborators. 

The results obtained by those who have cooperated are to be regarded 
as particularly gratifying and prove that the Fincke method is accurate 
for the determination of formic acid in ordinary fruit juices and sirups. 
The referee feels, however, that before it can be adopted as a general 
method a further study should be made of interfering substances. It 
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appears that roasted or partially caramelized substances give high results 
and it is recommended that a further study of the method with reference 
to these as well as the interfering substances mentioned by Fincke 1 be 
made during the coming year. It is also recommended that the collection 
of data regarding the amount of volatile reducing substances occurring in 
natural products as determined by this method be continued, and that nat- 
ural products be examined qualitatively for formic acid in order that the 
value of a qualitative test in detecting added formic acid may be finally 
ascertained. 


REPORT ON WATER IN FOODS. 

By W. J. McGee, Associate Referee . 

The work for 1913 has been along the line recommended by the asso- 
ciate referee on this subject for 1911 and 1912, that is, the study of differ- 
ent dehydrating agents in drying food material in a vacuum. The inves- 
tigation was extended, however, to include the study of dehydrating 
agents at atmospheric pressure in direct comparison with the vacuum. 
The highest vacuum in this experiment was about 29 inches, with an aver- 
age of about 27, produced by a Schutte and Koerting wafer jet pump 
working at about a thirty-pound head. The dehydrating agents tried 
were: Sulphuric acid, phosphoric pentoxid, calcium carbid, metallic so- 
dium, calcium chlorid, barium peroxid, and glycerin. The foods experi- 
mented upon were: Cheese, cocoa, and cornmeal, in the first experiment 
and cheese, cocoa, and raw sugar in the second experiment. The following 
tabulated lists show the results of the experiments. 

A study of these results seems to show that sulphuric acid, phosphorus 
pentoxid, calcium carbid, and sodium metal are about equal in dehydrat- 
ing power. Therefore, the choice for laboratory purposes may be made 
on the basis of other properties. 

Sulphuric acid is not easily portable in a desiccator, and is perceptibly 
volatile when very hot dishes are placed over it, and also under other 
conditions which have been studied by II . 0. Gore and others. 

Phosphorus pentoxid is portable, but in the desiccator an impervious 
layer seems to form on top, which retards its action. 

Calcium carbid is portable and the water absorbed converts the carbid 
into powder, which is easily shaken to the bottom of the receptacle. The 
acetylene gas formed should be given a vent with a mercury or other 
seal. It is possible, of course, that some classes of food would absorb 
acetylene gas or form additional products with it. This is not the case, 
however, with any of the foods so far tried. 


1 Biochem. Zts., 1913, 51 : 278. 
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Drying in desiccators over various dehydrating agents at room temperature . 


Experiment 1. 




SULPHURIC ACID 

CATvClUM CARBID 

METALLIC 

SODIUM 

CALCIUM 

CHLORID 

GLY- 

CERIN 

BARIUM 

PER- 

OXID 

SUBSTANCE 

TIME 

Atmospheric 

pressure 

t 

N 

Atmospheric 

pressure 

76 mm. pres- 
sure 

Atmospheric 

pressure 

76 mm. pres- 
sure 

Atmospheric 

pressure 


Atmospheric 

pressure 

Atmospheric 

pressure 


days 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

percent 

percent 

per cent 

percent 

S3 


1 

25 50 

26 30 

25 51 

26 32 

24 61 

25 56 

24 03 

25 85 

15.81 

14.93 


2 

26 34 

26.46 

26 15 

26 39 

25 34 

25 64 

25 75 

25 92 

23 85 

22.40 

oi 


3 

26 40 

26 62 

26.32 

26 62 

25 55 

25 78 

20 02 

25 98 

24 60 

23.55 

§£ 


4 

26 53 

26 62 

20 42 

20 62 

25 64 

25 85 

26 00 

26 02 

24 85 

23 63 

18 i 
n 


5 

26 44 

26 46 

26 44 

26 55 

25 66 

25 89 

25 95 

* 

24 90 

23 97 


7 

*26 66 

s 

26 54 

2 

25 84 

t 

26 17 


25 09 

24.18 


9 

26 70 

s 

26 64 

2 

25 00 

2 

26 29 


25 16 

24 22 

i 


11 

26 51 

26 55 

26 64 

27 05 

25 97 

24 97 

26 11 




J 

o 


14 



26 51 


25 79 


26 27 





64 



27 28 


26 14 


26 33 






1 

3 44 

6 54 

3 69 

G 00 

2 05 

4 75 

1.32 

4 65 

0 14 

0 21 

5; 


2 

5 63 

6 81 

5 36 

6 25 

3 52 

5 33 

3 06 

4 81 

1 06 

0 46 



3 

6 00 

7 11 

5 76 

6 66 

4 12 

5 58 

4 67 

4 83 

1 71 

0 80 

Si 


4 

6 22 

7 11 

5 94 

6 75 

4 75 

5 76 

4 86 

4 90 

1.95 

0 91 

1 s . 


5 

5 85 

7 02 

6 04 

6 58 

4 52 

5 71 

4 90 

i 

2 03 

0 94 


7 

»0 25 

t 

6 39 

2 

4 91 

2 

5 14 


2.27 

1 07 


9 

6 64 

2 

6 40 

2 

5 05 

2 

5 16 


2 29 

1 05 

1 


11 

6 32 

7 12 

6 12 

7 25 

5 07 

4 87 

5 16 




O 


14 



6 40 


4 86 


5 32 





. 

64 



7 41 


5 08 


5 41 






1 

7 54 

11 15 

7 51 

1 

10 80 

5 42 

9.65 

4 26 

9 20 

2 05 

1.40 

§ .. 

30 +* 


2 

10 66 

11 71 

10 28 

11 41 

8 14 

10 61 

8 52 

9 50 

3 74 

1 82 


3 

11 45 

12 10 

11 10 

11 81 

9 21 

11 04 

9 69 

9 52 

5 14 

2.62 

1 8 


4 

11 83 

12 23 

11 53 

11 97 

9 83 

11 35 

10 12 

9 62 

5 62 

2 95 


5 

11 58 

12 29 

11 67 

12 03 

9 98 

11 50 

10 24 

> 

5 79 

3 07 



7 

*12 04 

2 ; 

12 20 

2 

10 68 

2 

10 66 


6 11 

3 37 

as 


9 

12 57 

2 

12 50 

2 

11 03 

2 

10 87 


6 26 

3 36 

2 2 


11 

12 57 

13 24 

12 37 

13 08 

11 45 

10 69 

10 87 




3 


14 

' 

* 

; 

12 57 


11 49 


11 11 






64 



13 02 


13 75 







1 Acid renewed. 

* Vacuum off for 45 days. 

• Desiccator broken. 


Metallic sodium forms a scale of sodium hydroxid, which, however, 
seems not to impair its dehydrating power. There is also danger of too 
much rise in temperature when a substance having a high percentage of 
water is placed over it. The hydrogen formed is subject to the same ob- 
jections and mechanical difficulties as is acetylene gas. The objections to 
acetylene gas and hydrogen are not usually serious, and for ordinary 
laboratory work it would seem that, all things considered, calcium carbid 
or sodium metal are the most practical reagents. 
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Drying in desiccators over various dehydrating agents at room temperature . 

Experiment 2. 


SUBSTANCI 

TIM® 

SULPHURIC ACID 

CALCIUM CABBID 

PHOSPHORUS 

PKNTOXID 

SODIUM MBTAL 

Atmos- 

pheric 

pressure 

76 mm. 
pressure 

Atmos- 

pheric 

pressure 

76 mm. 
pressure 

' Atmos- 
pheric 
pressure 

76 mm. 
pressure 

Atmos- 

pheric 

pressure 

76 mm. 
pressure 



■si 

percent 

per cent 

percent 

per cent 

percent 

percent 

percent 

percent 



i 

28.38 

29 08 

28.32 

■ 

28.46 

29.35 

28.48 

28.88 



2 

29.06 

29.35 

28.87 

Kill 

28.87 

29.40 

28.93 

29.03 

gs 


3 

29.22 

29.38 

29.17 

29.34 

29.03 

29.60 

29.08 

29.25 


£ 

4 

29.30 

29 54 

29.22 

29.40 

29.06 

29.33 

at.ia 

29.32 

2 J 

i . 

5 

29.28 

29.41 

29.22 

29.48 

29 13 

29.64 

29.18 

».i* 

‘T § 

to 

6 

29.30 

29.42 

29.25 

29.44 

29.16 

29.64 

29.10 

at .is 

1 '3 

i 

8 

29.46 

20.38 

29.41 

29.56 

29.20 

29.66 

29.22 

29.45 

gl 


10 

29.54 

29 54 

29.51 

29.56 

29.33 

i 

29.27 

29.37 



10 

29.57 

1 29.54 

29.63 

>29.50 

29.41 

29.79 

29.36 

29.52 



35 

29 40 

29 57 

29.58 

26.44 

29 26 

29.86 

29.32 

29.66 



I 

4.71 

6.57 

4.52 

6.47 

5.14 

6 90 

5.09 

5.95 



2 

5.95 

6 40 

5.88 

6.51 

5.89 

6.65 

5.85 

0.05 



8 

6.30 

6.89 

6 25 

6.98 

5.73 

7.15 

5.97 

6.88 

§ 


4 

0.41 

7.19 

6.44 

7.09 

6.15 

6.81 

6.04 

6.48 

1 

1 . 

5 

6 30 

0.91 

6.42 

7 16 

6 21 

7 06 

6.08 

6.16 

a 


6 

6.42 

7 06 

6 51 

7 11 

6.32 

7.09 

6.11 

6.66 


& 

8 

6 79 

6 89 

6 85 

7.23 

6 56 

7 14 

6 31 

6 61 

8 


10 

6 88 

7 22 

6 85 

7 33 

6 44 

l 

6 34 

1 6.51 

0 


10 


*7.15 

7.22 

>7 33 

6.81 

l 7.48 

6 52 

>6 55 



35 


7 28 

7.44 

7.30 

6.74 

7.36 

6.68 

6 95 



1 

0.96 

0.87 

0 85 

0.87 

0.96 

0.94 

0.94 

0.86 

g's 


2 

0.99 

0.85 

0.94 

0.90 

0.99 

0.98 

0.99 

0.92 

1“ 



1 05 

0.95 

0.99 

0 66 

1 04 

0.98 

1.03 

0 98 

II' 

3 


1 06 

0 99 

1 00 

0.98 

1.06 

0 99 

1.04 

0 99 


§ - 

Kfl 

1 05 

0.98 

1 01 

0.99 

1 07 

1.00 

1.04 

1 00 

l s 


6 

1.04 

1 01 

0.98 

1.00 

1 06 

1 03 

1 03 

1 01 

83 

& 

8 

1.08 

1.03 

1.01 

1.01 

1.07 

1.01 

1.06 

1.02 

Si 


10 


1.04 

1 01 

1.03 

1 09 

l 

1.06 

1 05 

a® 


16 


*0 99 

1.02 

>1.00 

1 07 

U.01 

1.07 

>1 01 



35 

HI 

0 99 

0 99 

1 01 

1 05 

0 98 

1 05 

1 02 


1 Vacuum off. 


The dehydration in a partial vacuum did not show in every case the 
advantage that was expected over the dehydration at atmospheric pres- 
sure. On both experiments in drying cheese, from 90 to 94 per cent of 
the water was dried out in 24 hours in the desiccators held at atmospheric 
pressure, while in the desiccators at a vacuum of 27 inches, the percentage * 
ran from 93 to 97 per cent of- the total moisture in the cheese. On the 
drying of raw sugar, the vacuum did not appear to be an advantage. 
Over sulphuric acid, phosphorus pentoxid, and sodium metal the highest 
results in 24 hours were from the desiccators at atmospheric pressure, 
while only in the calcium carbid desiccator were the results under vacuum 
better than those under atmospheric pressure. In drying cocoa and 
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commeal, the vacuum method had a distinct advantage with all the re- 
agents tried. 

From the foregoing, it may be seen that dehydration in a partial vacuum 
is not always more perfect than over the same medium at atmospheric 
pressure. 

A fact that stands out clearly in the experiments is that in a desiccator 
at room temperature and with atmospheric pressure in 48 hours the ma- 
terials used for the tests lost from 80 to 96 per cent of all their water and 
at a pressure of 75 to 100 mm. they lost as much in 24 hours. 

The following recommendations are made, therefore, for future work: 

RECOMMENDATIONS. 

It is recommended — 

(1) That comparison of drying organic or other materials at room 
temperature in partial vacuum and at atmospheric pressure, using phos- 
phorus pentoxid and calcium carbid as dehydrating agents, be continued. 

(2) That there be further comparison of the dehydrating power of sul- 
phuric acid, phosphorus pentoxid, calcium carbid, and metallic sodium, 
and any other reagent that may be found, at room temperature and 
atmospheric pressure. 

(3) That it be ascertained if a general method for moisture may not be 
used, consisting of 24 or 48 hours storage over either sulphuric acid, phos- 
phorus pentoxid, calcium carbid, or metallic sodium, at room temperature 
and atmospheric pressure to be followed by the vacuum oven at 70°C. or 
100°C. for a short time. 

(4) That the moisture determination by vacuum method over sulphuric 
acid be made an optional official method. 

REPORT ON INORGANIC PHOSPHORUS ESTIMATION IN 
PLANT AND ANIMAL SUBSTANCES. 

By E. B. Forbes, Associate Referee and A. F. D. Wussow. 

This investigation of methods of inorganic phosphorus estimation in- 
volved a comparison with animal substances of the neutral molybdate 
method of Emmett and Grindley, the barium chlorid method of Siegfried 
and Singewald, and the magnesia mixture method of Forbes and asso- 
ciates; and with plant substances of the acid alcohol method of Forbes 
and associates and the method of R. C. Collison, likewise founded on the 
acid-alcohol separation of phytin and inorganic phosphate. 

The work was carried through the years 1912 and 1913. Those co- 
operating with the authors of this report were in 1912 P. F. Trowbridge 
and A. C. Hogan of the University of Missouri, H. S. Grindley and E. L. 
Ross of the University of Illinois and H. L. White and R. F. Beard of the 
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North Dakota Agricultural College; in 1913, H. S. Grindley, C. I. Newlin, 
P. F. Trowbridge, 0. C. Smith, and H, L. White. 

The general method of test of the several analytical procedures was 
by making the estimations with and without the addition of known 
amounts of inorganic phosphorus, the correctness of the methods being 
judged from the completeness of recovery of the added phosphate. In 
the work with plant substances attention was also given to completeness 
of extraction and the influence of phenol in the extractive reagent. 

The main body of this report is made up of the detailed specifications 
governing the work and the tabular presentation of results of analysis. 
The discussion of the results will be found on pages 236 to 239. 


DETERMINATIONS ON ANIMAL SUBSTANCES, 1012. 

Outline showing methods of precipitation, amounts of extracts to be used for 
each determination, number of determinations, and amount of standard phosphate 
solution to be added to certain of these determinations; the same set of determi- 
nations to be made on muscle, blood and brain: 


Neutral molybdate 
precipitation 
(Emmett and 
Grindley) 


o-l 500 cc. of extract. 
a-2 500 cc. of extract. 
a-3 250 cc. of extract -f 25 cc. of phos- 
phate solution. 

a-4 250 cc. of extract + 25 cc. ot phos- 
phate solution. 


Muscle 

Blood 

Brain 

(5,000 cc. extract) 


Barium chlorid 
precipitation 
(Siegfried and 
Singewald). 


b-1 500 cc. of extract. 
b-2 500 cc. of extract. 
b-3 250 cc. of extract + 25 cc. of phos- 
phate solution. 

b-4 250 cc. of extract + 25 cc. of phos- 
phate solution. 


Magnesia mixture 
precipitation 
(Forbes and as- 
sociates). 


c-1 500 cc. of extract. 
c-2 500 cc. of extract. 
cS 250 cc. of extract + 25 cc. of phos- 
phate solution. 

c-4 250 cc. of extract + 25 cc. of phos- 
phate solution. 


v PREPARATION OF A COLD WATER EXTRACT OF DESICCATED FLESH. 

Weigh out about 45 grams of the vacuum-dried meat, and divide it among sixteen 
150 cc. beakers; to each beaker with its contents add about 3 to 5 cc. of distilled 
water; break up any lumps and stir well with a glass rod until the mass forms a thick 
paste. Add 50 cc. of distilled water to each beaker and stir thoroughly for 15 minutes; 
allow the insoluble portion to settle for a few minutes (3 to 5) and decant the super- 
natant liquid through wet 11 cm. filters; collect the filtrates in 250 cc. Florence 
flasks; take care that the funnels touch the Bides of the necks of the flasks; drain the 
residues thoroughly, keeping as much of them as possible in the beakers ; treat these 
residues with 25 cc. of distilled water, stirring for 5 to 7 minutes, and then allowing 
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3 to 5 minutes for the solid particles to settle before filtering. Decant, etc., as just 
described. Repeat this last treatment until the filtrate measures about 220 cc., 
then transfer the entire residue to the filter and wash twice with about 8 to 10 cc. of 
distilled water. Allow all the liquid to pass through the filter before adding the 
next extract. Whenever the major portion of the residue has become mechanically 
transferred to the filter, return it to the beaker, using great care not to break the 
filter paper. Transfer the sixteen filtrates of about 250 cc. each to a measuring 
flask. Wash out each Florence flask twice, using about 5 to 8 cc. of distilled water 
each time. Make the extract up to 5,000 cc. and mix it thoroughly without too 
much mechanical agitation. 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT OF BLOOD. 

Weigh about 50 grams of fresh blood or its equivalent of oxalated blood into each 
of six 400 cc. beakers. To each beaker add a few cubic centimeters of distilled water 
and work up the blood and water with a glass rod; make up to about 200 cc. with 
boiling distilled water; place over a flame and gradually bring to boiling, with con- 
stant stirring. When boiling begins add to each beaker 20 cc. of 20 per cent ammon- 
ium sulphate solution; boil with constant stirring for about 10 minutes; decant onto 
sand on linen. When the liquid is through lift the coagulum off from the sand and 
return it to a mortar; grind to a smooth paste and transfer from mortar to beaker 
with boiling distilled water; make up to about 80 cc. with boiling distilled water; 
stir for 8 minutes and pour contents again onto the sand filter. After the extract 
is through, return the coagulum to the mortar and grind a second time, transferring 
to the beaker as before with boiling distilled water. Repeat this process of 8-minute 
extractions of the coagulum in hot water and filtration as just directed, without 
further grinding, until the filtrates measure about 750 cc. each. Wash out each 
beaker twice with 8 to 10 cc. of hot distilled water, completing the transfer of the 
coagulum and extract to the sand. Wash the coagulum on the sand twice with boil- 
ing water from a wash bottle. At all times allow the filter to drain well between 
additions of extract or wash water. Combine the six filtrates of about 800 cc. each, 
washing out the containers of each twice with distilled water. Make the extract 
up to 5,000 cc. and mix. 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT OF BRAIN. 

Weigh out about 10 grams of brain into each of ten 250 cc. beakers. To each beaker 
add a few cubic centimeters of distilled water and work up the brain and water 
with a glass rod; make up to about 100 cc. with boiling water; place over a flame and 
gradually bring to boiling with constant stirring. After boiling has begun add to 
each beaker 20 cc. of 20 per cent ammonium sulphate solution; boil for about 10 
minutes; allow to settle for a moment and decant liquid onto sand on linen. If the 
extracts do not filter readily, carefully push the coagulum to one side or return to 
the beakers. Add to the beakers containing the coagulum 50 cc. of 0.1 per cent 
ammonium sulphate solution ; stir for 1 minute and decant the liquid onto the filter. 
Repeat this process of one-minute extractions of the coagulum in 0.1 per cent am- 
monium sulphate solution and filtration as just directed until the filtrates measure 
about 450 cc. Wash out each beaker twice with 8 to 10 cc. of hot 0.1 per cent ammon- 
ium sulphate solution, completing the transfer of the coagulum and extract to the 
sand. Wash the coagulum twice with the above wash solution from a wash bottle. 
At all times allow the filter to drain well between additions of extract or wash solu- 
tion. Combine the ion filtrates, washing out the container of each of the filtrates 
twice with 5 to 8 cc. of distilled water. Make the extract up to 5,000 cc. and mix. 
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EMMETT AND GRINDLEY NEUTRAL AMMONIUM MOLYBDATE METHOD FOR INORGANIC 
PHOSPHORUS IN WATER EXTRACTS OF FLESH. 

Measure out the number and volumes of extracts specified in the schedule of 
determinations. Evaporate with frequent stirring on the water or steam bath to 
approximately 20 to 25 cc. ; while hot, filter into 300 cc. beakers, using doubled 11 cm. 
No. 589 (Blue Ribbon brand) S. and S. papers. Wash beakers, precipitates, and 
filters thoroughly with hot water; the volume of the resulting filtrate and washings 
should be about 125 cc. Add 10 grams of ammonium nitrate and heat upon the 
water bath to 60°C.; add 10 cc. of nitric acid (specific gravity, 1.20), stir, and add 
125 cc. of clear neutral ammonium molybdate solution, (Neutral ammonium molyb- 
date is prepared by adding ammonia to the ordinary molybdic solution, using lit- 
mus paper as an indicator. This work should be done very carefully and both red 
and blue litmus paper used.) Reheat, bringing temperature to 60°C. Keep at this 
temperature for 15 minutes, stirring vigorously every few minutes. Remove from 
the bath and allow the solutions to stand 2 hours in a warm place. Decant the 
clear supernatant liquid through doubled 11 cm. No. 589 (Blue Ribbon brand) S. 
and S. filters. Transfer the remaining liquid and precipitate to the filters, using 
a 10 per cent ammonium nitrate solution. Wash precipitates and beakers four or 
five times with small volumes of the ammonium nitrate solution. Dissolve the 
yellow precipitate upon the filter and that in the precipitating beaker with dilute 
ammonium hydroxid (2.5 per cent) and hot water, collecting the filtrate in a 250 cc. 
beaker; wash thoroughly; neutralize the solution with nitric acid (specific gravity 
1.20) and make up to approximately 150 cc.; add 5 grams of ammonium nitrate; 
heat upon the water bath to 60°C. and then carefully add, while stirring, 5 cc. of 
concentrated nitric acid and 50 cc. of clear acid molybdic solution. Digest at 60°C. 
for 15 minutes, stirring occasionally. Continue the determination of phosphorus 
as usual weighing the phosphorus as magnesium pyrophosphate. 

SIEGFRIED AND SINGEWALD METHOD AS USED BY GRINDLEY AND ROSS FOR INORGANIC 
PHOSPHORUS IN ANIMAL SUBSTANCES. 

Measure out the number and volumes of extracts specified in the schedule of 
determinations. To each portion add 50 cc. of a 10 per cent barium chlorid solution 
and 10 cc. of a 10 per cent solution of ammonium hydroxid. Stir the solutions every 
15 minutes for a period of 1 hour, allow to stand undisturbed format least 12 hours, 
and then filter (decanting at first as much as possible) through double quantitative 
filters. Wash the beakers, precipitates and filters, repeatedly, with small quanti- 
ties of wash water containing 10 cc. of the barium chlorid solution and 10 cc. of the 
ammonium hydroxid solution per liter. Place the upper filters containing the 
precipitates in the beakers in which the precipitation occurred, and digest at room 
temperature with 35 cc. of dilute nitric acid (specific gravity, 1.20) with frequent 
stirring. Filter the acid solution through the second filter which was not removed 
from the funnel, and wash the beakers and filters thoroughly with hot water. Neu- 
tralize the filtrates with ammonium hydroxid, slightly acidify with nitric acid, add 
10 grams of ammonium nitrate, dilute to about 125 cc., and heat on the water bath 
to 60°C. Add 100 cc. of acid ammonium molybdate and continue the phosphorus 
determination as usual. 

MAGNESIA MIXTURE METHOD FOR INORGANIC PHOSPHORUS IN EXTRACTS OF ANIMAL 

TISSUES. 

Measure out the number and volumes of extracts specified in the schedule 6f 
determinations. Add 10 cc. of magnesia mixture, stirring freely; allow to stand 
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15 minutes, add 25 cc. of ammonium hydroxid (specific gravity, 0.90); cover and allow 
to stand overnight. 

The next morning filter, and wash the precipitate with 2.5 per cent ammonia water. 
Dissolve the precipitate on the filter paper with dilute nitric acid into the same 
beaker in which the first precipitation was made, and wash the papers thoroughly 
with hot water. Render the resulting solutions nearly neutral; add 5 grams of 
ammonium nitrate; heat to 65°C. ; add 50 cc. of official acid molybdate solution, and 
keep at 60°C. for 2 hours; continue in the usual way for the gravimetric estimation 
of phosphorus as the pyrophosphate. 

NOTE BY H. S. GRIND LEY. 

The extract of the muscle was prepared by the centrifuge method as used in this 
laboratory rather than by the method as outlined in the directions sent out for the 
referee work. This was done merely because it was more convenient at the time. 
The barium chlorid method was not used on the blood because of the presence of 
the ammonium sulphate. The results on blood are poor on account of some un- 
known error in our work. We did not feel justified in making up another solution 
of blood for the repetition of this one determination. 

No difficulties other than those usually attending the preparation of solutions of 
animal tissues were encountered and the details of the procedures connected with 
the three methods were fairly satisfactory. 

DETERMINATIONS ON PLANT SUBSTANCES, 1912. 

Triplicates on solutions f a-10 gram sample, 
prepared as directed in l b-10 gram sample, 
the following paragraph [ c-10 gram sample. 

Triplicates as above but f a-10 gram sample, 
with 25 cc. of phosphate \ b-10 gram sample, 
solution added to each. [ c-10 gram sample. 

COLLISON METHOD FOR INORGANIC PHOSPHORUS IN PLANT SUBSTANCES. 

Weigh out 10-^ram portions of the samples in triplicate, and place in 400 cc. 
Florence flasks, to which add exactly 300 cc. of 94 to 96 per cent phosphorus-free 
alcohol, containing 0.2 per cent of hydrochloric acid (0.2 per cent actual hydro- 
chloric acid) and close with rubber stopper; shake the flasks at intervals of 5 minutes 
for 3 hours, and filter through dry double filters into dry flasks; measure out 250 cc. 
aliquots of the filtrates into 400 cc. beakers; make just alkaline to litmus with ammo- 
nium hydroxid and allow to stand for 8 to 12 hours, or overnight. Filter through 
double filters, and wash with slightly ammoniacal 94 to 96 per cent alcohol. In 
case a small portion of the precipitate resists transfer from the beaker by the 
usual means the last traces may be dissolved in 5 drops of hydrochloric acid, with 
the assistance of a rubber-capped rod. To this acid solution add 10 cc. of alcohol; 
makeslightly alkaline with ammonia, and then transfer to the filter. Wash several 
times with ammoniacal alcohol; then spread out the inner papers with the precipi- 
tates and allow to dry completely. Transfer papers and precipitates to Erlenmeyer 
flasks containing exactly 100 cc. of 0.5 per cent aqueous solution of nitric acid (0.5 
per cent of actual nitric acid). Close the flasks with rubber stoppers; shake until 
the precipitates are thoroughly broken up, and let stand overnight. Filter through 
dry double filters into dry beakers; pipette out 75 cc. of each filtrate and determine 


Corn germ 
Wheat germ 
Rice polish 
Wheat bran 



TABLE 1. 

Test of methods of determination of inorganic phosphorite in animal substances (1912). 

(Extracts made up to 5,000 cc.) 
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TABUS 2. 

Test of methods of determination of inorganic phosphorus in plant substances (19 It). 
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phosphorus in the usual way, precipitating first with acid molybdate solution, then 
with magnesia mixture, and weigh as the pyrophosphate. 

If the final solutions are highly colored, dissolve the pyrophosphates and 
reprecipitate. 


NOTE BY H. S. GRINDLEY AND E. L. ROSS. 

The details of procedure worked satisfactorily. It seems to us that if possible 
the weights of magnesium pyrophosphate should be increased in order to insure 
more reliable final results. 

We regret to say that as a result of a number of experiments we are convinced 
that the acid alcohol method as outlined does not insure complete extraction of all 
the inorganic phosphorus from meals, or the solvent gradually converts the organic 
forms of phosphorus into the inorganic form. A second and a third extraction of 
the samples with the 0.2 per cent acid-alcohol, after making the proper corrections 
in each case for the aliquot portion from the former extracts, gave additional in- 
organic phosphorus. The second extraction gave the following percentages of 
phosphorus: Corn germ, 0.0052; wheat genu, 0.0012; rice polish, 0.0018; and wheat 
bran, 0.0011. Proceeding in a similar manner the third extract gave the following 
percentages of phosphorus: Corn germ, 0.0004; wheat germ 0.0032; rice polish 0.0035; 
and wheat bran 0.0029. It thus seems that the third extract apparently contained 
more organic phosphorus expressed as per cent than did the second extract. This 
is probably accounted for by the fact that the filtration of the acid alcohol for the 
third determination was made during the middle of a very hot day and the filtration 
proceeded slowly so that a considerable loss of alcohol by volatilization resulted. 
In fact we were unable to get the usual 250 cc. portions from the filtrates and had to 
take only 200 cc. for each determination. This loss of alcohol by evaporation would 
result in giving higher results than should be obtained. Other tests of a similar 
nature gave similar results. 

Further, dipotassium hydrogen phosphate deposited as a solid in the tissue of 
filter paper apparently cannot be completely extracted by 300 cc. of 0.2 per cent 
acid alcohol under conditions such as those now used in this method for the solution, 
separation, and estimation of phosphorus in vegetable substances. 


DETERMINATIONS ON ANIMAL SUBSTANCES, 1913. 



A . Extract of samples. 

a-1 
a-2 
a -3 


as weighed. 

a-4 

Muscle 


a-5 

a-6 

Blood 

Brain 


b-1 


B. Extract of samples 

b-2 


as weighed plus 25 

b-3 


cc. of phosphate 

b-4 


solution. 

b-5 



! b-6 


Neutral molybdate precipitation. 
Neutral molybdate precipitation. 
Neutral molybdate precipitation. 
Magnesia mixture precipitation. 
Magnesia mixture precipitation. 
Magnesia mixture precipitation. 

Neutral molybdate precipitation. 
Neutral molybdate precipitation. 
Neutral molybdate precipitation. 
Magnesia mixture precipitation. 
Magnesia mixture precipitation. 
Magnesia mixture precipitation. 


Determine by both methods of precipitation the phosphorus in the phosphate 
solution used; also make blank determinations in triplicate on reagents. 
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PREPARATION OF COLD WATER EXTRACT OP MUSCLE. 

A. Weigh out 10 to 12 grams of fresh muscle and divide as nearly equally as 
possible between two small beakers; moisten the samples with a few cubic centi- 
meters of distilled water, and break up lumps with a glass rod; add 50 cc. of water 
to each beaker and stir contents for 15 minutes. Allow insoluble residue to settle 
for 3 to 5 minutes, then decant the liquid from each beaker through filters into 
beakers; allow to drain and add25cc. of water; stir for 7 to 8 minutes, and after allow- 
ingto settle, decant onto the same filter. Continue this treatment, using each time 
25 cc. of water, until the filtrates measure about 230 cc. each. Allow the filters to 
drain completely between extractions. Whenever the major portion of the residue 
has become mechanically transferred to the filter return it to the beaker, using great 
care not to break the filter paper. After the last extraction throw the entire con- 
tents of each beaker onto the filter, and after draining, wash twice with small quanti- 
ties of distilled water. Combine the two extracts, and use for the precipitation of 
the phosphates under Section A . 

B. Weigh out same quantity of flesh as specified for A, and divide as nearly equally 
as possible between two small beakers: work up with a few cubic centimeters of 
distilled water; add 25 cc. of aqueous solution of disodium phosphate equivalent to 
about 40 mg. of magnesium pyrophosphate, dividing as nearly equally as possible 
between the two beakers and proceed as directed under A . The extract thus ob- 
tained is ready for precipitation under B. 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT OF BLOOD. 

A. Weigh out 30 to 35 grams of fresh blood, or the equivalent of oxalated blood, 
into a 400 cc. beaker; add a few cubic centimeters of distilled water, and work up 
the blood and water with a glass rod; make up to about 150 cc. with boiling distilled 
water; place over a flame, and gradually bring to boiling, with constant stirring. 
When boiling begins add 20 cc. of 20 per cent ammonium sulphate solution. Boil 
with constant stirring, for about 10 minutes; decant onto a filter of sand on linen, 
receiving the filtrate in an 800 cc. beaker. When the liquid is through, lift the coagu- 
lum from the sand, and transfer it to a mortar; grind to a smooth paste and transfer 
from mortar to beaker with boiling distilled water; make up to about 50 cc. with the 
same; stir for 8 minutes, and pour contents again onto the sand filter. After the 
extract is through, return the coaguluzn to the mortar, and grind a second time, 
transferring to the beaker as before with boiling distilled water. Repeat this 
process of 8-minute extractions of the coagulum in hot water, and filtration as just- 
directed, without further grinding, until the filtrate measures about 450 cc. Wash 
out each beaker twice with 8 to 10 cc. of hot water, completing the transfer of the 
coagulum and extract to the sand. Wash the coagulum on the sand twice with 
boiling water from a wash bottle. At all times allow the filter to drain well between 
additions of extract or wash water. This extract of about 500 cc. is ready for pre- 
cipitation under Section A. 

B. Weigh out same quantity of blood as specified for A. Work up with a few 
cubic centimeters of distilled water ; add 25 cc. of an aqueous solution of disodium 
phosphate equivalent to about 40 mg. of magnesium pyrophosphate and proceed 
as directed under A. The extract thus obtained is ready for precipitation under B . 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT OF BRAIN. 

A. Weigh out about 10 grams of brain into a 250 cc. beaker; add a few cubic centi- 
meters of distilled water and work up the brain and water with a glass rod; make up 
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to about 100 oc. with boiling water, place over a flame, and gradually bring to boil- 
ing with constant stirring. After boiling has begun add 20 cc. of 20 per cent ammon- 
ium sulphate solution; boil gently for about 10 minutes; allow to settle for a moment, 
and decant liquid slowly onto a Alter of sand on linen, 1 receiving the extract in an 
800 cc. beaker. Add to the beaker containing the coagulum 50 cc. of a 0.1 per cent 
ammonium sulphate solution; stir for 1 minute, keeping over flame and at the boil- 
ing point; decant the liquid onto the filter. Repeat this process of 1 minute ex- 
tractions of the coagulum in 0.1 per cent ammonium sulphate solution, and filtration 
as directed, until the filtrate measures about 450 cc. Wash out the beaker twice 
with 8 to 10 cc. of hot 0.1 per cent ammonium sulphate solution, completing the 
transfer of the coagulum and extract to the sand. Wash the coagulum twice with 
the above wash solution from a wash bottle. At all times allow the filter to drain 
well between additions of extract or wash solution. This extract of about 500 cc. 
is ready for precipitation under A . 

B. Weigh out same quantity of brain as specified for A; work up with a few cubic 
centimeters of distilled water; add 25 cc. of an aqueous solution of disodium phos- 
phate equivalent to about 40 mg. of magnesium pyrophosphate and proceed as di- 
rected under A. The extract thus obtained is ready for precipitation under B. 

NEUTRAL AMMONIUM MOLYBDATE METHOD FOR INORGANIC PHOSPHORUS IN WATER 

EXTRACTS OF FLESH. 

Treat 3 of the extracts prepared according to the directions for A, and 3 of those 
prepared as for B as follows : Evaporate, with frequent stirring on the water or steam 
bath, to approximately 20 to 25 cc.; while hot, filter into 300 cc. beakers, using 
doubled 11 cm. S. and S. No. 589 “Blue Ribbon” papers. Wash beakers, precipitates 
and filters thoroughly with hot water. The volume of the resulting filtrate and wash- 
ings should be about 125 cc. Add 10 grams of ammonium nitrate and heat upon 
the water bath to 60°C. Then add 10 cc. of nitric acid (specific gravity, 1.20), stir, 
and add 125 cc. of clear neutral molybdic solution. (Neutral ammonium molybdate 
is prepared by adding ammonia to the ordinary molybdic solution, using litmus 
paper as an indicator. This work should be done very carefully and both red and 
blue litmus paper used.) Reheat, bringing temperature to 60°C.; keep at this tem- 
perature for 15 minutes; stir vigorously every few minutes during this time. Re- 
move from the bath and allow the solutions to stand 2 hours in a warm place. De- 
cant the clear supernatant liquid through doubled 11 cm. No. 589 (Blue Ribbon 
brand) S. and S. filters. Transfer the remaining liquid and precipitate to the fil- 
ters, using a 10 per cent ammonium nitrate solution. Wash precipitates and beakers 
four or five times with small volumes of the ammonium nitrate solution. Dissolve 
the yellow precipitate upon the filter and that in the precipitating beaker with 
dilute ammonium hydroxid (2.5 per cent) and hot water, collecting the filtrate in 
a 250 cc. beaker. Wash thoroughly ; neutralize the solution with nitric acid (specific 
gravity, 1.20) and make up to approximately 150 cc.; add 5 grams of ammonium 
nitrate; heat upon the water bath to 60°C. and then carefully add, while stirring 
5 cc. of concentrated nitric acid and 50 cc. of clear acid molybdic solution. Digest 
at 60°C. for 15 minutes, stirring occasionally. Continue the determination of 
phosphorus as usual weighing the phosphorus as magnesium pyrophosphate. 


1 It is desirable to prevent the extract or coagulum from coming in contact with 
the linen before passing through the sand. To this end pour extract slowly onto 
center of sand or into a cup-shaped depression. 
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MAGNESIA MIXTURE METHOD FOR INORGANIC PHOSPHORUS IN EXTRACTS OF ANIMAL 

TISSUES. 


Treat 3 of the extracts prepared according to the directions for A, and 3 of those 
prepared as for B as follows: Add 10 cc. magnesia mixture, stirring freely; allow to 
stand 15 minutes; add 25 cc. of ammonium hydroxid (specific gravity 0.90); cover, 
and allow to stand overnight. The next morning filter and wash the precipitate 
with 2.5 per cent ammonia water. Dissolve the precipitate on the filter paper and 
that remaining in the beaker in which the precipitation was made with dilute nitric 
acid (1 : 1) and hot water, receiving the solution in 400 cc. beakers. Neutralize the 
nitric acid with ammonium hydroxid; make slightly acid with nitric acid. Add 5 
grams of ammonium nitrate, and precipitate in the usual way with molybdate solu- 
tion. Continue in the usual way for the gravimetric estimation of phosphorus as 
the pyrophosphate. 


Blanks and phosphorus estimations on phosphate solutions used in work reported in 

the preceding table. 


SAMPLE 


SOLUTIONS 


Blood: 


Blank 1: Neutral molybdate precipitation — 

Blank 2: do 

Blank 3: do — 


Blank 4: Magnesia mixture precipitation 
Blank 5: do 

Blank 6: do 


Brain: 


Blank 7: Magnesia mixture precipitation 
Blank 8: do 

Blank 9: do 


Average 


Average 


Blood and 
muscle: 


Brain: 1 


Average 


Phosphate solution 1: Neutral molybdate pre- 
cipitation 25 cc. 

Phosphate solution 2: do 25 cc. 

Phosphate solution 3: do 25 cc. 

Average 

Phosphate solution 4: Magnesia mixture precipi- 
tation 25 cc. 

Phosphate solution 5: do 25 cc. 

Phosphate solution 6: do 25 cc. 

Average 

Phosphate solution 7 : Direct precipitation with 

magnesia mixture 25 cc. 

Phosphate solution 8: do 25 cc. 

Phosphate solution 9: do 25 cc. 

Average 

Phosphate solution 10: Direct precipitation with 

magnesia mixture 50 cc. 

Phosphate solution 11 : do 50 cc. 

Phosphate solution 12: do 50 cc. 

Average 


Phosphate solution 13: 50 cc. diluted to 500 cc.: 

16 j grams ammonium 
sulphate added 

Phosphate solution 14: do 

Phosphate solution 15: do 

Average 


MAGNESIUM 

PYROPHOSPHATE 


gram 
0.0020 
0.0016 
0 0018 
0.0018 
0.0030 
0 0037 
0 0038 
0 0035 
0.0010 
0 0010 
0.0006 
0.0009 


0.0419 
. 0 0416 
0.0418 
0.0418 

0.0417 

0.0415 

0.0411 

0.0414 

0.0413 
0.0419 
0.0419 
0 0417 

0 0266 
0.0269 
0.0264 
0.0266 


0.0264 

0.0262 

0.0267 

0.0264 


1 For modification of method used with brain see p. 236. 
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RESULTS ON ANIMAL SUBSTANCES, 1913. 

TABLE 3. 

Test of methods of determination of inorganic phosphorus in animal substance s, 1918. 
(Analyses by A. F. D. Wussow.) 


SUBSTANCE, METHOD AND 
DETERMINATION 

WEIGHT OF 
SAMPLE 

PHOS- 
PHORUS 
ADDED AS 

MAGNESIUM 

rYItOPHOS- 

PliATE 

MAGNESIUM 

PYRO- 

PHOSPHATE 

OBTAINED 

INORGANIC 
PHOS- 
PHORUS 
OBT VI NED 

ADDED PHOS- 
PHORUS RECOV- 
ERED AS 
MAGNESIUM 
PYROPHOSPHATE 


grams 

gram 

gram 

per cent 

gram 

per cent 

Muscle: 

Neutral molybdate 







method. 

a-1 13.5485 


0.0276 

0 0568 




a-2 11.5760 


0 0240 

0.0578 




a-3 13 3025 


0 0259 

0 0543 



Average . ... 




0 0563 



b-1 11 9395 


0 0648 


0.0407 



b-2 11.5370 


0.0636 


0 0403 


Average 

b 3 12 6880 

0.0417 

0 0654 


0 0398 
0 0103 

96.6 

Magnesia mixture method . 

a-4 14 5075 


0 0303 

0 0582 




a-5 10 0850 


0 0219 

0 0605 



Average . . . . 

a 6 11 4130 


0 0229 

0 0559 

0 0582 




1) 4 11 7065 


0 0617 


0 0373 



b 5 11 3530 


0 0606 


0 0369 



b-6 12 1045 


0 0621 


0 0368 


Average 


0 0417 



0 0370 

88.7 

Blood : 

Neutral molybdate 







method. 

a-1 29 1950 


l 0 0324 

0 0309 




a-2 35 0955 


> 0.0359 

0 0285 



Average 

a-3 28 4170 


1 0.0257 

0 0252 
0 0282 




b-1 36 5820 


1 0.0718 


0 0348 



b-2 27 3368 


1 0.0662 


0 0385 


Average 

b-3 32 8275 

0 04i7 

>0.0699 


0 0367 
0 0367 

88.6 

Magnesia mixture 







method. 

a-4 30.9601 


1 0.0157 

0.0141 




a-5 32 4669 


*0.01 46 

0.0125 



Average 

a-6 29 2820 


>0 0151 

0 0144 

0 0137 




b-4 35.6872 


>0 0545 


0 0370 



b-5 35 2757 


>0 0565 


0 0392 



b-6 36 1812 


*0 0532 


0 0354 


Average 


0 0417 



0 0372 

89 .2 

Brain: 1 2 

Magnesia mixture 







method. 

a-4 10.1650 


'0 0246 

0.0675 




a-5 10.3040 
a- 6 10 9550 


>0 0251 
>0 0267 

0.0679 

0.0679 



Average 




0.0678 




b-4 10 '5095 

0 0266 

*0 0512 


0 0257 



b-5 9.2880 

0.0266 

1 0.0483 


0 0257 



b-6 10.5465 

0 0266 

'0.0514 


0 0258 


Average 


0 0266 



0.0257 

96.6 


1 Blanks deducted. 

* For modification of method used with brain see p. 236. 
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TABLE 4. 

Determination of inorganic phosphorus in pig's blood extracted with 5} per cent 
ammonium sulphate solution (each extract about 500 cc.) 

(Analyses by A. F. D. Wussow.) 


DETKRMXNA- 

TION 

WEIGHT 07 
SAMPLE TAKEN 

TREATMENT 07 EXTRACT 

MAGNESIUM 

PYROPHOS- 

PHATE 

OBTAINED 

INORGANIC 

PHOSPHORUS 

1 

grams 

33.0990 

Evaporated, boiled, and filtered 

gram 

0.0217 

percent 

0.0183 

2 

34.4230 

do 

0.0222 

0.0180 

Average... 
3 

33.3960 

Evaporated and filtered 

0.02i6 

0.0180 

0.0180 

4 

31.3340 

do 

0.0218 

0.0194 

Average... 
5 

33.7026 

Precipitated directly 

0.0108 

0.0187 

0.0089 

6 

33.2960 

do 

0.0108 

0.0090 

Average.. . 




0.0089 


TABLE 5. 

Inorganic phosphorus in brain determined by modified method. 
(Analyses by F. M. Beegle.) 


SUBSTANCE, METHOD, AND 
DETERMINATION 

WEIGHT 
OF SAMPLE 
TAKEN 

MAGNESIUM 

PYRO- 

PHOSPHATE 

OBTAINED 

INORGANIC 

PHOS- 

PHORUS 

PHOS- 
PHORUS 
ADDED AS 
MAGNESIUM 
PYROPHOS- 
PHATE 

ADDED PHOSPHORUS 
RECON ERED AS 
MAGNESIUM PYRO- 
PHOSPHATE 


grams 

gram 

per cent 

gram 

gram 

per cent 

Brain: 1 2 







Magnesia mixture 







method a-4 

7.7011 

20.0176 

0.06623 




a-5 

9.2368 

20.0209 

0.06518 




b-4 

10.7215 

*0.0507 

0.0267 

0.0263 


b-5 

9.2277 

20.0474 


0.0267 

0.0264 


b-6 

10.5182 

20.0502 


0.0267 

0.0263 


Average 




0.0267 

0.0263 

98.9 

Phosphate solution (50 cc.): 







1 


0.0266 





2 


0.0269 





3 


0.0265 





Average 


0.0267 





Blank: 






1 


0.0008 





2 


0.0006 





3 


0.0008 





Average 


0.0007 




* ’ , . 


1 For changed details of method followed see p. 236. 

2 Blanks deducted. 
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DETERMINATIONS ON PLANT SUBSTANCES, 1913. 

a-1 10 gram samples. 
a-2 10 gram samples. 
a-3 10 gram samples. 
b-1 10 gram samples — SOcc.of 
' phosphate solution B. 
b-2 10 gram samples — 50 cc. of 
phosphate solution B. 
b-3 10 gram samples — 50 cc. of 
phosphate solution B. 

c-1 10 gram samples. 
c-2 10 gram samples. 
c-3 10 gram samples. 
d-1 10 gram samples — 50 cc. of 
phosphate solution D. 
d-2 10 gram samples — 50 cc. of 
phosphate solution D. 
d-3 10 gram samples — 50 cc. of 
k phosphate solution D. 

Determine strength of phosphate solutions B and D; also make blank determi- 
nations in triplicate on reagents. 

A. AQUEOUS HYDROCHLORIC ACID EXTRACTION. 

Pour exactly 300 cc. of 0.2 per cent hydrochloric acid (4.6 cc. of concentrated 
hydrochloric acid, specific gravity 1.18 to 1.19, per liter) onto 10 grams of sample in 
a dry 400 cc. Florence flask. Close with rubber stopper, and shake at intervals of 
5 minutes for 3 hours. Filter the extract by suction into dry flasks through S. and 
S. No. 589 “Blue Ribbon” papers, in a Witt filtering apparatus, or a Buchner funnel. 

Measure out a 250 cc. portion of this filtered extract, and precipitate in a 400 
cc. beaker with 10 cc. of magnesia mixture and 20 cc. of ammonium hydroxid (spe- 
cific gravity 0.9). Allow to stand overnight, and filter through double S. and S. 
No. 589 “White Ribbon’ 1 papers, taking care to decant as long as possible without 
pouring out the precipitate. Then complete the transfer of the precipitate to the 
paper. 

Wash three times with 2.5 per cent ammonium hydroxid, and then three times 
with 95 per cent alcohol. Allow the precipitate to drain, spread out the inner paper 
on the top of the funnel, and allow the alcohol to evaporate. When practically dry, 
place this inner paper with the precipitate into an Erlenmeyer flask; add 100 cc. of 
95 per cent alcohol containing 0.2 per cent of nitric acid; close the flask with a rub- 
ber stopper and shake vigorously until the paper is thoroughly broken up. If the 
precipitate is flaky, and refuses to break up on shaking, allow to stand in the acid- 
alcohol overnight. Filter through a dry filter into a dry flask; pipette out 75 cc. 
of the filtrate into a small beaker, and evaporate almost but not quite to dryness. 
Dissolve in dilute nitric acid, and filter if necessary; then determine phosphorus in 
the usual gravimetric way, by precipitation first with acid molybdate solution, 
later with magnesia mixture, and then by burning to the pyrophosphate. 

The result obtained represents 6.25 grams out of the original 10 grams of material 
and so to reduce to a 1-gram basis multiply by 0.16. 


Bluegrass 
Alfalfa 
Rice polish 
Brewer's grains 


Triplicates on solutions 
prepared as directed in 
following section 


Triplicates on solutions 
prepared as directed on 
page 232 (aqueous hy- 
drochloric acid-phenol 
extract) 
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B. AQUEOUS HYDROCHLORIC ACID EXTRACTION PLUS PHOSPHATE. 

Proceed as under A except that in place of 300 cc. of 0.2 per cent hydrochloric acid 
add 250 cc. of the same and 50 cc. of phosphate solution containing disodium phos- 
phate equivalent to approximately 25 mg. of magnesium pyrophosphate per 50 cc. 
Make up this phosphate solution with 0.2 per cent hydrochloric acid. 

C. AQUEOUS HYDROCHLORIC ACID-PHENOL EXTRACTION. 

Proceed as under A except that in place of 300 cc. of 0.2 per cent hydrochloric acid 
add 300 cc. of 0.2 per cent hydrochloric acid solution containing 50 grams of phenol 
per liter. 

D. AQUEOUS HYDROCHLORIC ACID-PHENOL EXTRACTION FLUS PHOSPHATE. 

Proceed as under C except that in place of 300 cc. add 250 cc. of 0.2 per cent hy- 
drochloric acid containing 50 grams of phenol per liter and 50 cc. of phosphate so- 
lution containing disodium phosphate equivalent to approximately 25 mg. of mag- 
nesium pyrophosphate per 50 cc. Make up this phosphate solution with 0.2 per 
cent hydrochloric acid containing 50 grams of phenol per liter. 

Note: Make phosphate solutions used in B and D of same strength by weighing 
out equal quantities of the phosphate, and determine their exact strength by pre- 
cipitating in triplicate 50 cc. with magnesia mixture, filtering, igniting, and weighing 
direct. 

Make blank determinations in triplicate on reagents. 

RESULTS ON PLANT SUBSTANCES, 1913. 


Blanks on solutions used in ivork reported in Table 6. 



a RAMS 

OK MAGNESIUM PYROPHOSPHATE 

SOLUTION 

Wussow 1 

Grindley 

and 

Newlin 

White 

Trowbridge 

and 

Smith 

Blank 1 : Aqueous hydrochloric acid solu- 





tions 

0.0002 

0.0012 

0.0000 

0.0011 

2: do 

0.0002 

0.0012 

0.0000 

0.0011 

3: do 

0.0002 

0.0006 

0.0000 

0.0007 

Average 

0.0002 

0.0010 

0.0000 

0.0009 

Blank 1 : Aqueous hydrochloric acid phenol 





solutions 

0.0002 

0.0161 


0.0000 

2: do 

0.0002 

0.0159 


0.0002 

3: do 

0.0002 

0.0163 


0.0004 

Average 

Phosphate solution 1: (Aqueous hydro- 
chloric acid; 50 cc. 

0.0002 

0.0161 


0.0002 

0.0250 

0.0005 

0 J)426 

0.0139 

2: do 

0.0248 

0.0012 

0.0456 

0.0135 

3: do 

0.0248 

0.0012 

0.0432 

0.0130 

Average 

0.0249 

0.0010 

0.0438 

0.0134 

Phosphate solution 1: (Aqueous hydro- 
chloric acid phe- 





nol) 50 cc 

0.0249 

0.0152 


0.0136 

2: do 

0.0249 

0.0157 


0.0135 

3: do 

0.0249 

Lost 


0.0125 

Average 

0.0249 

0.0155 


0.0132 


1 In the second set of determinations with alfalfa, magnesium precipitates were allowed to stand an ex- 
tra day before filtering, and, after filtering, an extra day in acid alcohol; with Samples a-1 and a-3 only 200 
cc. of aqueous hydrochloric acid extract was used, but figures given represent 250 cc. as usual. With blue 
grass in Samples a-1, a-2, and a-3, only 200 cc. of the aqueous hydrochloric acid extract were used, but weights 
given for magnesium pyrophosphate represent 250 cc. With rice polish, magnesium precipitate was broken 
up in acid alcohol with stirring rod before filtering off 75 cc. of aliquot. 
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fat tj m!Ws nj MMui tj tnorjamc pkpkw in plant Mm 0. 




*.r,p. two* 

a 

s, oumiT 

AMD C I, NRWLlff 

I, O, WHITE 

p, r, THowauooK ano 

C SMITH' 

HIlBNTANCr, METHOD AHO DETOMINATlON 


Magoeeium pyrophoiphate 
obtained 

Inotjaiic phosphorus 

Added phoephorus recovered 
magneeium pyrophoiphate 1 

It 

Magnesium 

pyrophos- 

Inorganic 

Added phoephorw 

Magneeium 

pyrophoe- 

Inorganic 

Added 

phosphorus 

Magnesium 


Added 

phosphorus 



Fireteet 
of deter- 
minations 

Second let 
of deter- 
mination! 

Iff 

Second let 
o! deter- 
mination! 

Fint let o ! 
determination! 

Second set of 
determination! 

phate ob- 
tained 

phosphorus 

pyrophosphate 

phate ob- 
tained 

phosphorus 

magnesium 

pyropnos 

phate* 

phate ob- 
tained 

plumping 

magnesium 

pvrophoa- 

phate 1 



gram 

gram 

percent 

percent 

gram 

percent 

gram 

permit 

grim 

percent 

gram 

per cm! 

gram 

per rent 

gram 

gram 

per real 

gram 

AlUb 

A»|inst.i- b(lri« lilont lU'id ratraotion 

a-1 

a*2 

00181 

00170 

0 0210 
00184 







00130 

00157 

0 0608 

0 0702 

0 

0 


0 0200 

0 0218 

0 0010 
OH 


•OW 

0 0208 

•0 028 

0 093 



a-3 


00100 



„ .. 





00178 

0(1795 

0 


0 0214 

OKI 


(10202 

0 099 


Average 


00100 

00188 

0 0803 

0,18 





00157 

0 0702 

0 


0 0212 

0 0945 


0 0205 

0 092 


H 

00180 

0 0237 







0 0250 


ow 


0 0444 


ora 

0 0284 

012? 



b-l 

0 0222 








00320 


00103 


0 044# 


0 0234 

0 0305 

0130 



M 

0 0225 

0 0235 







0 0290 


90133 


0 0441 


0 0232 

0 0284 

0127 


Average 


0 0212 

0 0230 



OW 

205 

018 

308 

om 


00132 

85? 

00144 


0 0232 

0 0291 

0130 

0 0086 

Aijiuhiuh In (In* lilonr arnl-pliNiol extraction 

fl 

00102 

00140 







00134 

0 0599 

(1 


'0013! 

9 9013 


0 0237 

0106 


e-2 

001 

00189 







00152 

0 0079 

0 


'00178 

0 0791 


0 0225 

0100 



r-3 

00175 

00149 







00101 

004(1 

0 


'0 0208 

0 0910 


0 0224 

0100 


Average 


00175 

00159 

0 0780 

0 0709 





0 0i29 

0 0576 

0 


00174 

9 0740 


1) 0229 

0102 



d-1 

0 0210 

0 0232 







0 0204 


0 9075 


•0 0428 



0 0300 

0131 



d 2 

0 0203 

0 0241 







0 0257 


00128 


•00(22 



0 0292 

0130 



dJ 

0 0229 








0 0205 


OW 


Lost 



0 0301 

0134 


Average 


0 0213 

0 0230 



0 0038 

243 

0 0077 

493 

0 0222 


00093 

004 




0 0298 

0111 

0011 

Blue grass 











01850 









A(|iimwliviWitoi( and eatrar lion 

a-1 

0 0228 

0 0380 







0 0414 

0 


0 0480 



0 0458 

0 204 



a-2 

0 0225 

0 0379 







owe 

01591 

0 


0 0472 



0 0430 

0194 



a-3 

0 0221 

0 0335 







ow 

01705 

0 


0 0458 



011433 

0193 


Average 


0 0220 

0 03(5 

Oil 

01028 





0 0388 

01735 

0 


0 0470 



0 0442 

0197 



b-l 

0 0283 

on 







0 0484 


0110 


om 


0 0216 

0 0503 

0 224 



M 

0 0230 

0 0298 







0 0424 


ow 


00694 


0 0224 

0 0520 

0 232 



H 

0 0255 

0 0320 







0 0458 


0 0070 


0 0070 


0 020(1 

0 0422 

01,88 


Average 


0 02,50 

0 0313 



0 0030 

1(2 

■012 

-333 

0 0455 


0 0007 

435 

013 


110213 

00(82 

0215 

0 0039 

Aipimii hvdrotlilone anil-phenol oxtnw tion 

c-1 

0 0305 

0 0397 







0 0500 

0 2234 

0 


0 0466 



om 

0193 



c-2 

0 0355 

00109 







00407 

0 2222 

0 


0 0450 



I) 0150 

0 291 



C'9 

0 0347 

0 0408 







00(78 

02130 

0 


0 0480 



0 0153 

0 202 


Average 


0 0350 

00(04 

01588 

01802 





0 0402 

02108 

0 


0 0400 



0 0444 

0199 



d-1 

0 0403 

0 0554 







0 0034 


00142 


•0 0072 



0 0504 

0 225 



d-2 

0 0450 

0 0548 







0 0029 


00137 


•0 0974 



IIOl 

0 220 



d-3 

00(98 

0 0545 







00019 


0012! 


4 MB 



OH 

0 227 


Average 


0 0483 

0 0549 



00127 

814 

00145 

929 

0 0027 


00130 

87? 




0111 

0 22* 

IM* 

llrewi'egraiiw 




















Auiimiw Indnalilone ncul extiaction 

a-1 

0 0025 








0 0024 

00107 

0 





0 0014 

0 006 



a-2 

0 0021 








0 0027 

00122 

0 





0115 

0 007 



a-3 

0 0023 








0 0013 

0 0058 

0 





OMR 

00H 


Average 


0 0023 


00103 






0 0021 

0 0090 

8 





0 0012 

0 006 



b-l 

00100 








00173 


00102 





0 007! 

0 034 



Ie2 

00148 








00181 


00100 





0 (ill 

0 043 



b-3 

00101 








0 0182 


ooioi 





00f) 

0 043 


Average 


00i50 




00.33 

852 



00179 


00158 

1025 




ow 

0 040 

0 0077 

kt In ilrneliliinr and-plieiml extraction 

H 

012 








00018 

00080 

0 





OiO 

om 



c-2 

0 0010 








00015 

00067 

0 





OH 

00114 



e 3 

013 








00018 

0 0080 

0 





OH 

OW 


Average 


0 0012 


001 






00017 

0 0070 

0 





001108 

0 004 



dl 

00102 








00173 


00155 





0M 

OOtl 



d 2 

00158 








00180 


0018 





0 00114 

01142 



d-3 

00100 








00180 


0018 





om 

00(5 


Average 


00100 




00148 

949 



00178 


00101 

1041 




0 90% 

0 041 

fl 117 

fte pelwli 




















iMf'iH'l'idineldaafaBil extrnctioii 

a-1 

0 0038 

0 0038 







0 0058 

0M 

0 





OOlllil 

0 0(17 



a-2 

0 0038 

0 0020 







0 0082 

0 0300 

0 





00® 

0013 



a-3 

0 0035 

0 0027 


, 





0 0058 

0 0259 

0 





om# 

0017 


Average 


0 0037 

0 0030 

00185 

( 00134 





0 0009 

001 

o 





018128 

0012 



li-l 

00119 

0 0078 







00112 


0 0043 





0112 

0 028 



M 

00110 

0 0075 







001 


0 0031 





0« 

0 030 



b-3 

00111 

0,0079 







00113 


0 0014 





0171 

#032 


Average 


00113 

0 0077 



0,10 

487 

0 0047 

301 

00110 


0 0041 

200 




017 

0 030 

1) 0939 

»• '*). a telii i liltnie utld-plienol extraction 

r-l 

110027 

010 

, 

„ , 





017 

0 0344 

0 





010 

0012 



e-2 

017 

0 0020 








0 0073 

0 0320 

0 





on 

0 041 



e-3 

0,tt4 

010 







0 0007 

0 0300 

0 





0 0092 

00(1 


Avemre 


0 0023 

010 

00102 

0 0080 





0 0072 

0 032! 

0 





0 0095 

0 012 



d-1 

0 0052 

0 0004 







00141 


OP 





00122 

0 054 



d-2 

0,13 

012 







00132 


010 





00118 

0 053 


\ 

d-3 

00138 








Loat 


Lost 





00121 

0 054 


Average 


014 

0 0073 



0,0071 

455 

013 

340 

00131 


019 

383 




00120 

0 054 

0 0026 


1 1 11 ,l ' < 'I'fN'il Saturday morning and tillered Monday morning, 
, 'l |li| dii lijH^fflijiljoiit 0015(1 gram, 


* Should have hues 0,0194 gram in b’e and 0.0152 gram in d'a. 

• Not loi^ in the average, 
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TABLE 7. 

Test of completeness of extraction and influence of phenol in the determination of in- 
organic phosphorus in plant substances (191$). 

(Analyses by A. F. D. Wussow). 


8UBBTANCE, METHOD AND 
DETERMINATION 

FIRST EXTRACTION 

SECOND EXTRACTION 

§3 

jfg 

So a 
6P&2 

i 

m 

O 

M 

a 

v K 

*3 a 
$£ 

B ffl 1 

J'S-s 

fsfU 

■o»po 

XJ ** « »1 
< 

§J_ 

1ft 

Tts 

Excess of phosphorus 
extracted 

6 & 

•sl 

f 83 
s 

o 

si 

O * 

Pm 


gram 

per rent 

gram 

gram 

gram 


Gluten feed: 







Aqueous hydrochloric a-1 

0 0211 



0 0032 



acid extraction a 2 

0 0210 



0 0032 



a- 3 

0 0200 






Average 

0 0210 

0 0936 


6 0032 

-0 0003 

6 

Aqueous hydrochloric b- 1 

0 0212 



0 0011 



acid -phenol extraction b— 2 

0 0207 



0 0009 



b- 3 

0 0200 



0 0011 



Average 

0.0206 

0 0919 


0 0010 

-0 0024 

(?) 

Brewer’s grains: 







Aqueous hydrochloric a 1 

0 0026 



0.0010 



acid extraction a— 2 

0.0028 



0.0010 



a- 3 

0 0028 



0 0010 



Average 

0 0027 

0 0120 


0 0010 

+0.0007 

+0.0029 

Aqueous hydrochloric b 1 

0 0012 



0 0010 



acid-phenol extraction b-2 

0 0022 



0 0010 



b-3 

0 0026 

. 


0 0010 



Average (2&3) 

0 0024 

0 0107 



0.0010 

+0.0006 

+0.0027 

Timothy hay: 







Aqueous hydrochloric a-1 

0 0064 



0.0012 



acid extraction a-2 

0 0069 



0 0010 



a-3 

0 0053 



0 0012 



Average 

0 0062 

0 0276 


0 0011 

+o!oooi 


a-4 

0 0253 



0 0032 


a-5 

0 0250 



0 0033 



a-6 

0.0256 



0 0032 



Average 

0 0253 


M3.oi9i 

0 0032 

-oiooio 


Aqueous hydrochloric b-1 

0 0099 



0.0006 



acid-phenol extrac- b-2 

0.0099 



0.0005 



tion b-3 

0 0096 



2 0 0029 



Average 

0.0098 

0 0437 


0 0005 

-o!ooii 


b-4 

0.0249 



0.0029 



b-5 

0 0246 



0 0030 



b-6 

0.0252 



2 0.0006 



Average . . 

0 0249 


Ml.OlSl 

0 0029 

-o!66i2 


Aqueous hydrochloric a-1 

0 0062 



0.0019 



acid extraction 8 a-2 

0 0040 



0 0016 



a-3 

0 0025 



0 0018 



Average . . . 

0 0042 

0.0187 


0 0017 

+60011 

0 0062 

Aqueous hydrochloric b-1 

0 0105 



0 0003 



acid -phenol extrac- b-2 

0 0097 



0 0006 



tion 2 b-3 

0 0106 






Average 

0.0103 

0 0459 


0*0004 

-0*0010 



1 Should have been about 0.0153 gram. 

* Not included in the average. 

• In the soeond extraction 200 cc. instead of 250 cc. of the aliquot were used. 
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TABLE 7 — Continued. 


BUBSTANCE, METHOD AND 
DETERMINATION 


FIRST EXTRACTION 




as 

'ill 

|S5 


gram 


A 

A 


ii 


per centl 


l*k 

•g,» s S 

!;-fi 


*8s 


gram 


SECOND EXTRACTION 


iJ, 

k° 


1! 

m 


Excess of phosphorus 
extracted 


S4 

®es 

ail 


gram 


I 

A* 


Wheat : 

Aqueous hydrochloric a-1 
acid extraction a -2 

a-3 

Average....... 

Aqueous hydrochloric b-1 
acid-phenol extrac- b -2 
tion b-3 

Average 

Wheat bran : 

Aqueous hydrochloric a~l 
acid extraction a -2 

a-3 

Average 

Aqueous hydrochloric b-1 
acid-phenol extrac- b -2 
tion b-3 

Average 

Rice polish : 

Aqueous hydrochloric a -1 
acid extraction a -2 

a-3 

Average 

a-4 

a-5 

a -6 

a-7 

Average 

Aqueous hydrochloric b -1 
acid-phenol extrac- b -2 
tion b-3 

Average 

b-4 

b-5 

b -6 

b-7 

Average 


0.0092 

0.0096 

0.0092 

0.0093 


0.0415 


0.0040 


0.0049 
0.0048 
0.00460.02051 


0.0143 
0.0134 
0.0138 
0.0138 
0.0145 
0.0157 
0.0140 
0 0147 


0.0615 


0.0655 


0.0186 
0.0192 
0.0182 
0.0187 
0 0098 
0.0096 

0.0098 

0.0098 
0.0098 
0 0150 
0.0144 
0.0150 

0 0148 

0.0036 

0.0040 

0.0040 

0 0036 
0 0038 


0.0434 


0.0169 


*0.6089 


*6.oiio 


0.0026 
0.0032 
0.0034 
0.0031 
0.0012 
0.0012 
0.0012 
0.0012 
0.0012 
0 0017 
0.0018 






0 

0 




*- 6 !o 6 o 4 



o!ooi7 


-oiooos 


0.0014 


-P0.0007 


0.0030 


4 Should have been about 0.0111 gram. 


NOTE BY H. S. GRINDLEY AND C. I. NEWLIN. 

( 1 ) The methods used were exactly like those outlined in the directions sent out 
with two exceptions: Dipotassium hydrogen phosphate (K 2 HPO 4 ), was used instead 
of disodium hydrogen phosphate (l^HPO*); the solutions used were prepared as 
follows: 

Solution A: This is the plain 0.2 per cent aqueous hydrochloric acid which we 
have been using in our work. The strength of the solution was fixed by titration 
with standard alkali. 
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Solution B: Measure carefully into a 1-liter measuring flask 110 cc. of the last 
standard dipotassium hydrogen phosphate 1 prepared. Also add to the flask 496 cc. 
of the 2.015 per cent hydrochloric acid in water. Dilute to the mark and shake 
thoroughly. Transfer to a clean, dry 5 liter bottle or flask and add 4 liters of distilled 
water. Mix thoroughly and label as follows : “ Solution B : 0.2 per cent HC1 contain- 
ing the equivalent of 24.6 mg. of Mg 2 p 2 C >7 per 300 cc.” 

Solution C: Measure carefully into a 1-liter measuring flask 496 cc. of the 2.015 
per cent hydrochloric acid in water and add 250 grams of pure phenol. Dilute to 
the mark and shake thoroughly. Transfer to a clean, dry 5 liter bottle or flask and 
add 4 liters of water. Mix thoroughly and label as follows: “ Solution C: 0.2 per 
cent HOI containing 50 grams of phenol per liter.” 

Solution D: Measure carefully into a 1-liter measuring flask 110 cc. of the stand- 
ard dipotassium hydrogen phosphate last prepared and also add 496 cc. of t,he 2.015 
per cent hydrochloric acid in water. Now add to this same flask 250 grams of pure 
phenol. Dilute to the mark and shake thoroughly. Transfer to a clean, dry 5 
liter bottle or flask and add 4 liters of water. Mix thoroughly and label the flask 
containing the solution as follows: “Solution D: 0.2 per cent HC1 containing the 
equivalent of 24.6 grains of Mg 2 p20 7 per 300 cc. and 50 grams of phenol per liter.” 

(2) The method seems unsatisfactory in that we have been unable to get satis- 
factory triplicate determinations. Although the triplicate determinations as a 
rule vary widely we have in all cases taken their average values for a study of the 
results. 

(3) It is evident from the results obtained in these experiments that inorganic 
phosphates added to feeding stuffs cannot be quantitatively recovered by the method 
used in this work. 

(4) The quantity of the added phosphates recovered is apparently determined 
by the amount of phytin or other soluble organic-phosphorus compounds present 
in the feeding stuffs, that is, the smallest percentage was recovered in rice polish 
which contains the largest quantity of phytin of the four feeds examined. On 
the other hand, the largest percentage of added phosphate was recovered in the 
case of the brewer’s grains which contain only a trace of phytin or other soluble 
organic compounds that are precipitated by magnesia mixture in arnmoniacal 
solution. 

(5) In our opinion, the incomplete recovery of the added phosphates is due in 
the main, at least, to the fact that magnesium ammonium phosphate cannot be 
quantitatively separated from phytin by treatment with 0.2 per cent nitric acid in 
95 per cent alcohol. 

(6) These conclusions have been undoubtedly confirmed by numerous experi- 
ments which we have made to determine the solubility of the magnesium ammonium 
phosphate and phytin alone and together in mixtures. These later experiments 
have shown clearly, (a) That magnesium ammonium phosphate, alone, is soluble 
in 95 per cent alcohol containing 0.2 per cent nitric acid by weight; (b) that commer- 
cial phytin, alone, is only slightly soluble in 95 per cent alcohol containing 0.2 per 


1 The average of 18 determinations of magnesium pyrophosphate in 10 cc. of 
the standard di potassium hydrogen phosphate solution equaled 0.03737 gram of 
magnesium pyrophosphate. The average for each of the six determinations in 
triplicate were as follows: 0.0374, 0.0369, 0.0370, 0.0372, 0.0375, and 0.0377 gram. 
The 110 cc. of dipotassium hydrogen phosphate contained phosphorus equiva- 
lent to 0.4103 grams of magnesium pyrophosphate. Each 300 cc. of the 5 liters of 
solutions B and D therefore contained P equivalent to 0.0246 gram of magnesium 
pyrophosphate. 
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cent nitric acid; (c) that magnesium ammonium phosphate cannot be quantita- 
tively separated from phytin by treatment with 0.2 per cent nitric acid in 95 per 
cent alcohol. 

DISCUSSION OF RESULTS WITH ANIMAL SUBSTANCES 

The neutral molybdate method of Emmett and Grindley, the barium 
chlorid method of Siegfried and Singewald (provided a sufficient excess of 
barium chlorid is used), and the magnesia mixture method of Forbes and 
associates gave satisfactory results, which were practically identical on 
vacuum-dried muscle. 

The barium chlorid method was found inapplicable in the presence of 
ammonium sulphate, and hence was not useful on extracts of blood and 
brain prepared with the aid of this reagent. 

The neutral molybdate method gave results on blood which were ap- 
parently too high, a decomposition of organic phosphorus seeming to 
result from the heat used during the concentration of the extract. Some 
difficulty has been experienced in the recovery of inorganic phosphorus 
added to blood. The recovery has been slightly greater with the magnesia 
mixture than with the neutral molybdate method. 

As compared with the magnesia mixture method, the neutral molybdate 
method gave, with extract of brain prepared with the aid of ammonium 
sulphate, higher results for inorganic phosphorus with lower recovery of 
added phosphates, the differences being slight in two cases and great in 
one test. The difficulties of filtration are greater with the neutral molyb- 
date than with the magnesia mixture method. 

Readily filterable extracts of brain may be prepared by the use of 3f 
per cent ammonium sulphate solution in place of 0.1 per cent ammonium 
sulphate in each place where the latter is specified in the published mag- 
nesia mixture method (see p. 219); and the hindering effect of the added 
amount of ammonium sulphate on the precipitation of phosphorus by 
magnesia mixture may be overcome by the substitution of 50 cc. of mag- 
nesia mixture for 10 cc. as specified, and allowing the precipitates to stand 
3 days before filtering. With these modifications the magnesia mixture 
method is readily workable on brain, concordant results are obtained and 
added phosphate is all recovered. The work on brain reported in Table 
5 was done by this modified method. 

In making extracts of brain it is desirable that the analyst be cautioned 
with reference to the handling of the brain sample during extraction. 
The coagulum is very soft. It should be stirred only enough to keep it in 
motion. If once finely broken up it holds onto a great deal of liquid. If 
roughly handled in returning from the sand filter to the beaker it becomes 
too much broken up. If the extract is poured onto a thin film of absorb- 
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ent cotton 1.5 inches in diameter laid over the center of the sand filter 
the return of the coagulum to the beaker is much facilitated. If the 
cotton is not broken up by needless stirring it can be taken out of the 
beaker with a glass rod and returned to the sand each time a partial 
extract is to be filtered. Care is necessary to prevent loss through bump- 
ing, on account of sand in the beakers during the last extractions. Three 
determinations at a time are enough to handle, but with some risk of loss 
one can handle six. Each partial extract should be boiling-hot at the time 
filtration begins. 

In the trial reported on page 229 all the phosphate was recovered ex- 
cept 0.0009 gram of magnesium pyrophosphate. In the trial reported in 
Table 5 the loss was 0.0001 gram of magnesium pyrophosphate. 

The neutral molybdate method can not be used satisfactorily with ex- 
tracts prepared as suggested above, and it is not practicable to prepare 
cold water extracts of brain as specified in the neutral molybdate method. 

The test of the influence of heat on inorganic phosphorus estimation 
in blood, as set forth in Table 4, shows that the high results on blood ob- 
tained by the neutral molybdate method must be due to the cleavage of 
organic phosphorus by the heat used in the evaporation of the extract. 
While the duration of heating used in this method is much greater than 
in the preparation of hot-water ammonium sulphate extracts of tissues 
as in the magnesia mixture method, this test raises the question of the 
existence and magnitude of such cleavage. This should be investigated 
especially with reference to tissues containing phosphocarnic acid, which is 
said to be rather easily decomposed by heat. 

The recovery of added phosphates from the extract of muscle by the 
magnesia mixture method has usually been practically complete (see 
Table 1). In the last analyses of Wussow (Table 3), however, the recov- 
ery of added phosphate was appreciably incomplete, though the deter- 
mination without the added phosphate was higher than by the neutral 
molybdate method, where the recovery of added phosphate was practically 
complete. The low recovery of added phosphate from both blood and 
muscle, as reported in this table, suggests that the conditions were not 
perfect for the precipitation of this amount of magnesium ammonium 
phosphate. With brain the recovery of added phosphate was complete, 
since special measures were taken to insure complete precipitation. The 
same measures, namely, increased amount of magnesia mixture and in- 
creased time for precipitation should be tried out on these other tissues. 

The magnesia mixture method has usually given satisfactory results on 
all the animal substances with which it has been used. Further work 
on this method is needed, however, on the influence of the heat used in 
the preparation of the extracts, and the matter of preparation of blood 
samples for analysis should also receive attention. 
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DISCUSSION OF RESULTS WITH PLANT SUBSTANCES. 

The test of Collison's method (see Table 2) showed that this procedure 
was much more easily workable than the Forbes method, and the recovery 
of added phosphates was commonly more nearly complete, but unfortu- 
nately the extraction was shown not to be complete, or else the reagent 
causes cleavage of organic phosphorus compounds, since the second and 
even the third extraction yield significant amounts of inorganic phos- 
phorus (see notes of Grindley and Ross, p. 225, and analyses of Wussow, 
Table 2). This method therefore seems to be without promise. 

The acid-alcohol method of Forbes and associates as published in Ohio 
Bulletin 215 and as outlined for these cooperative tests on pages 231 to 
232 of this report commonly yields extracts which are difficult to filter. 
The centrifuge should be used to facilitate filtration. 

Enzymatic cleavage apparently affects results during protracted fil- 
tration, as made evident by the fact that the more prolonged the filtra- 
tion the higher the result. The addition of phenol, however, seems to 
prevent this cleavage, and phenol as used in this work was shown by 
quantitative tests not to hinder the precipitation of magnesium ammonium 
phosphate. 

This method should be distinguished from the magnesia mixture method 
of Forbes and associates for animal products. The plant method is based 
on the acid-alcohol separation of phytin and inorganic phosphates, and as 
this was called the "acid-alcohol method” in our original publication it is 
proposed that this name be retained. 

In Tables 6 and 7 it may be seen that the presence of phenol gave lower 
results for inorganic phosphorus with alfalfa, brewer’s grains, rich polish, 
gluten feed, and wheat, and higher results with blue grass, timothy hay, 
and wheat bran. The recovery of added phosphorus was usually incom- 
plete and higher with phenol than without. It was complete with some 
of the tests with brewer’s grains, timothy hay, and rice polish. 

Since phenol has been found to be without effect on the precipitation of 
magnesium ammonium phosphate, the marked results attending its pres- 
ence in inorganic phosphorus estimations may be due to its effect on 
enzyms. Since this effect is usually in the direction of lower results, 
though sometimes higher, it is to be supposed that in the former cases 
cleavage predominated except as suppressed by phenol, while in the 
latter cases the inhibited processes were in the direction of synthesis. 
That such a state of affairs is not impossible is indicated by the work of 
Harden, Young, Norris, Von Lebedev, and Euler and associates on the 
synthesizing enzyms of yeasts and molds. The indications are that the 
use of phenol in this method is desirable. 
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Grindley and Newlin state (p. 235) that magnesium ammonium phos- 
phate can not be separated from commercial phytin by treatment with 
0.2 per cent nitric acid in 95 per cent alcohol, and they explain the diffi- 
culty in recovering added phosphate as “ determined by the amount of 
phytin or other soluble organic-phosphorus compounds present in the feed- 
ing stuffs.” They cite the minimum recovery of added phosphates from 
rice polish and also its maximum phytin content. Wussow. however, 
obtained a complete recovery of added phosphate from rice polish in one 
case but only one-third to one-half of the same in other work. 

It has been previously shown that magnesium ammonium phosphate 
can be separated from that member of the phytin group contained in 
wheat middlings (Ohio Agr. Expcr. Sta. Bui. 215, p. 475)^ and also that 
magnesium ammonium phosphate can be recovered from the extract of 
alfalfa, though in this series of determinations the amounts of alfalfa 
extract were less than in an inorganic phosphorus estimation (ibid., p. 472). 
In later work, however, in our own laboratory and elsewhere, added phos- 
phate has not been completely recovered from alfalfa extracts. 

At least a part of the incompleteness of recovery of added phosphates 
is due to the mechanical character of the precipitates, notably so in the 
case of alfalfa. That the phosphate is mechanically held by the gelat- 
inous precipitate is shown to be probable by the results with alfalfa in 
Table 6. In the work reported by Trowbridge and Smith the precipitate 
remained an extra day in acid-alcohol and the recovery of added phos- 
phate was more nearly complete, both with and without phenol, than in 
the work by Wussow. So far as this incompleteness of recovery of added 
phosphates is due to the mechanical character of the dried precipitate 
it can probably be overcome by the employment of such mechanical 
means as may be necessary to reduce it to a finely-divided condition, as, 
for instance, shaking with glass beads. 

A test of the completeness of extraction of inorganic phosphates by 0.2 
per cent hydrochloric acid in 3 hours was made with gluten feed, brewer’s 
grains, timothy hay, and rice polish, the results being given in Table 7. 

In considering the significance of the weight of pyrophosphate obtained 
from the second extraction one should bear in mind the fact that this is due 
largely to dissolved phosphate from the first extraction remaining adher- 
ent to the foodstuffs. After making the necessary correction of this 
weight by subtracting such amount of magnesium pyrophosphate as 
corresponds to the inorganic phosphorus in the liquid retained by the 
sample, the results are very small, and are more often minus quantities 
than not; showing that with these four foodstuffs the 3-hour extraction is 
as nearly complete as our methods allow us to measure. Work with 
larger precipitates would settle the point more satisfactorily. 
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REPORT ON HEAVY METALS IN FOODS. 

By H. M. Loomis, Associate Referee. 

The work on the subject of heavy metals this year included arsenic, 
lead, and tin, these metals seeming to require the most attention at the 
present time. The study of the determination of any one of these metals 
constitutes a large subject in itself, and the associate referee would not 
have been able to ijpdertake the work on all three of them without the 
special assistance of E. L. P. Treuthardt, of the Bureau of Chemistry, 
who took charge of the work on tin and whose report is presented as a 
separate paper. E. 0. Eaton and C. R. Smith, of the Bureau of Chemis- 
try, were also of great assistance by doing preliminary work and offering 
suggestions on arsenic and lead determinations. 

ARSENIC. 

Samples and instructions for the arsenic work were sent out to thirteen 
collaborating chemists, nine of whom sent in reports. After careful 
consideration and consultation, it was decided to limit the work to the 
following modifications of the Gutzeit method: 

MODIFICATION OF SANGER-BLACK METHOD (c. R. SMITH, BUR. CHEM. CIR. 102). 

(а) Destruction of organic matter by digestion. — Weigh out 25 grams of sample, 
transfer to a 500 cc. round-bottom flask and digest with 10 cc. of concentrated 
sulphuric acid and 10 cc. of concentrated nitric acid. Both acids should be arsenic- 
free. Heat until the mixture turns dark brown or black, then add more nitric acid 
in 10 cc. portions, heating between each addition until the liquid remains colorless 
or yellow, even after evolution of SO s fumes. To remove completely all nitric 
or nitrous acids, evaporate to about 5 cc., and if on addition of water to the cooled 
acid, nitrogen peroxid fumes are evolved, a second evaporation to white fumes is 
necessary. 

Reduction of arsenate to arsenite. — Dilute the acid solution to 25 cc. and add 0.75 
gram of potassium iodid; heat to about 90°C., add several drops of dilute stannous 
chlorid (about 5 per cent) to reduce all iodin liberated and continue the heating 
for 10 minutes. Cool and make up to 100 cc. with 1 to 4 sulphuric acid; introduce 
20 cc. portions of this solution into the 2-ounce generator bottle, add 20 cc. of 1 to 4 
sulphuric acid and 3 or 4 drops of 40 per cent stannous chlorid solution to sensitise 
the zinc, connect up the generator and run as in the preparation of standards. Run 
a blank test with the reagents alone. 

(б) Separation from organic matter by precipitation with magnesium-phosphate 
mixture . — In the case of the sweetened gelatin, heat 25 grams with 25 cc. of 10 per 
cent hydrochloric acid in a covered beaker for 1 hour on a steam bath, add 20 cc. of 
bromin water, neutralize with ammonium hydroxid, add 2 grams of arsenic-free di- 
sodium hydrogen phosphate and precipitate with an excess of magnesia mixture. 
Wash the precipitate with 2\ per cent ammonia, drain and dissolve off into the gener- 
ator bottle with 1 to 4 sulphuric acid, using about 40 cc. for dissolving the precipi- 
tate and washing the filter. Add 3 or 4 drops of 40 per cent stannous chlorid and 
proceed as in the preparation of standards. 
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In the case of the fruit sirup, weigh out 25 grains and add bromin water in slight 
excess, neutralize with ammonium hydroxid, precipitate by addition of sodium 
phosphate and magnesia mixture, and proceed as in the case of jelly. 

Preparation of standards . — Follow the method given under “Standards” in 
Bureau of Chemistry Circular 102 , using the 2 -ounce generator bottles, 1 to 4 sul- 
phuric acid and 15 grams of stick zinc, if possible. If other apparatus or reagents 
are used, please so indicate in your report. 

In the case of “heavy” arsenics— 50 to 60 micromilligrams — have the generator 
bottle only half full so as to dilute the arsin, otherwise it may come off in such a 
concentrated form as to give a dull black colored strip, instead of deep orange. (This 
does not usually happen except with standards.) 

OTHER MODIFICATIONS OF GUTZEIT METHOD FOUND SATISFACTORY. 

The samples prepared for analysis were, first, a sweetened gelatin solution, pre- 
pared from arsenic-free gelatin and sugar, to which sodium arsenite in the pro- 
portion of 7 mg. of arsenic trioxid (AS 2 O 3 ) per kilo was added; second, a fruit sirup 
prepared in the laboratory to which sodium arsenite in the proportion of 4 mg. of 
arsenic trioxid (A& 1 O 3 ) per kilo had been added. 

The following results were reported: 


RESULTS OF COOPERATIVE WORK. 

A r st me in s inert icily and fruit sirup. 


ANU.\ST 

■ 

Smith modification 


Digest ion 

Precipita- 

tion 

Courtney Conover. . 

W. 8. Allen . . 

6 0 

. 

7 0 


E. 11. Berry. . . 

5 0 

4 6 

VV. \V. Karnan . 

7.G 

8 0 


f 5 0 

1 


E. O. Eaton . 

6 0 


• • 


[6 0 



T. V. Pappe . . 

6 6 

06 




7 2 

11. D. Poore 



7 0 

6 3 




7.2 

C. R. Smith . . . 

fG 0 
6.5 
[6.5 


6 5 

7 0 

II. E. Woodward. .. 

6.0 

5 0 

Maximum . 

7.6 

8 0 

Minimum 

5.0 

4.6 

Variation — . . 

2.6 

3.3 

Average 

6.2 

6.5 


\RB>MC IN SWCET JLI.L1 


Ot her 
lahorator> 
methods 


8 0 
10 0 
14 6 
\4 6 


ARSENIC IN FRUIT SIRUP 


Snath modification 


Digestion 


4 0 
4 0 

U 0 

j 3 2 
6 0 
6.0 
8 0 
4 0 


4 5 

5 0 
8 0 
3 2 

4.8 

4.9 


Other 

laboratory 

methods 


4 0 
4 0 

4.0 


COMMENTS OF ANALYSTS 

Courtney Conover: There is possible danger in using glass digestion flasks con- 
taining arsenic, and advantage in using porcelain casseroles for digestion. I 
recommend 4 cc. of 20 per cent potassium iodid solution for the reduction of the 
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arsenic, 8 grams of zinc and mercuric chlorid test paper instead of paper prepared 
with mercuric iodid. In order to expel the nitrous fumes I diluted the digestion and 
boiled down several times. 

W. S. Allen: (Method of Circular 102): I have found that the preliminary 
precipitation as magnesium arsenate was unsatisfactory, since I can not recover 
over 70 per cent of the arsenic in preliminary experiments. In preparing standard 
stains and making all determinations with the 5 per cent mercuric bromid paper, 
it was noted that the color strip on one side was considerably longer than on the other 
side. In some cases this amounted to a difference of i inch in a maximum length of 
} inch. It was not possible to make very accurate readings, as small differences in 
the amount of arsenic make very little difference in the length of stain. The use of 
potassium iodid was omitted, as I have found from my own investigations that 
stannous chlorid will easily and completely reduce arsenates. It was found difficult 
to remove all iodin when following the potassium iodid reduction procedure. Even 
after adding a few drops of stannous chlorid to reduce the iodin liberated, and no 
color of iodin was apparent, violet vapors of iodin would be given off in the Gutzeit 
apparatus, producing a stain somewhat similar to that given off by arsenic. I 
substituted, therefore, for the potassium iodid 0.5 cc. of 80 per cent stannous chlorid 
solution, which I believe is preferable to potassium iodid as a reducing agent. In- 
stead of stick zinc I used 15 grams of Baker and Adamson shot zinc in preparing 
standards and running analyses. 

General Chemical Company method: Samples were prepared by oxidation with 
the nitric and sulphuric acid mixture, as in above method. The arsenic was then 
determined on aliquots of this oxidized solution by the method of Allen and Palmer 
(Proceedings of the Eighth International Congress of Applied Chemistry , vol. 1, p. 9). 
No trouble is found in obtaining color stains of the same length on each side of the 
paper. Moreover, the reading differences between different standard stains, when 
using a 0.5 per cent mercuric chlorid solution, are so much greater than with a 5 
per cent mercuric bromid that it is possible to read with much greater accuracy. 

E. H. Berry: The preliminary precipitation method works very well and seems 
preferable to one which requires the use of potassium iodid. It is almost impossible 
to avoid the precipitation of stannous iodid even when using acid weaker than 1 
to 5. In fact, it does not seem necessary to use potassium iodid as a reducing agent, 
as determinations made without its use checked very closely with those in which 
it had been used. In the case of gelatins it would seem that the decomposition with 
acids can be eliminated. Dissolve the gelatin in 1 to 4 sulphuric acid, boil until the 
solution begins to blacken, then dilute to the original volume and introduce this 
solution into the generator bottles. It is scarcely necessary to use 15 grams of zinc, 
half that amount being sufficient. 

W. W. Karnan: In ail cases the hydriodic acid reduction was made on the aliquots 
preparatory to introduction into the generator bottle. Also sodium ammonium 
phosphate was used instead of disodium hydrogen phosphate in the precipitation 
method. The magnesium phosphate precipitation method seems to be very effective 
and convenient on substances which are in solution or which dissolve easily in dilute 
acid, and is much to be preferred to the acid digestion method whenever it can be 
conveniently used. It has been my experience in this work that to be certain of 
getting complete evolution of arsenic as arsin, it is invariably necessary to make 
the preliminary reduction before making the final run. In this reduction, in order 
to prevent the precipitation of stannous iodid (which seems very prone to occur) 
I kept the acid solution even weaker than 1 to 5, if possible, was careful to add no 
more stannous chlorid than was necessary during the heating, and kept the potas- 
sium iodid down to between 0.5 and 0.75 gram (added as 50 per cent solution). 
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E. 0. Eaton : I found Smith’s modification very hard to work for duplicate ali- 
quot determinations. The trouble seemed to be in the rate of flow of the generated 
gases. Several were run in a bath at 15°C., but the bands were not uniform. I 
believe it would be advisable to add an inhibiting substance to get a minimum flow 
of gas, and let it run for a much longer time. On some of the strips the arsenic- 
mercury complex did not seem to be saturating the paper, but spread too rapidly. 
This could not be controlled. I think it happens only on pure substances, such as 
gelatin, by the digestion method where there are very few salts present. 

H. D . Poore : I find that 1 to 4 sulphuric acid used for dissolving the precipitate 
of magnesium ammonium arsenite is too strong because action with the zinc in 
generating the arsin is not rapid enough ; 1 to 8 acid works much better. I favor 1 
to 4 hydrochloric acid rather than sulphuric acid, as it gives better action with no 
possibility of hydrogen sulphid being formed. I have also obtained in my previous 
work with arsenic the same results when adding to the generating bottle the potas- 
sium iodid and stannous chlorid and generating at once with the zinc, heating later 
instead of heating at first and then cooling before adding the zinc. Although I ob- 
tained lower results with the digestion method, I did not run another determination, 
believing that either loss of arsenic takes place or that the arsenate is not readily 
reduced to arsenite, due perhaps to retained nitric acid. 

C. R. Smith: I would like to state that I think the hydriodic acid reduction is 
best performed on the aliquot just before the generation because the hydriodic 
acid is oxidized by the air, giving free iodin on long standing, which in turn oxidizes 
the arsenic. I expect some will have trouble with the hydriodic acid reduction 
because the sulphuric acid should not be stronger than 1 to 4 (preferably between 
1 to 4 and 1 to 5); if it is stronger a precipitate of stannous iodid may be formed and 
also a large amount of hydrogen sulphid. 

H. E. Woodward' I found much trouble in using the strength of acid recom- 
mended, and had to cut it down considerably in order to prevent too rapid evolution 
of gas; using a diluted solution and adding potassium sulphate I was able to get very 
satisfactory deposits. I also used 1 gram of potassium sulphate in a generator with 
10 cc. of 10 per cent sulphuric acid in making the standard stain. 

DISCUSSION. 

The results with the Smith method appear to be very good and it seems 
necessary to do only a little more work to clear up certain minor difficul- 
ties experienced by the analysts. Special difficulty seems to be found 
with the use of potassium iodid and the proper strength and nature of 
the acid to be used in the generator. Mr. Smith’s comment regarding the 
reduction with hydriodic acid appears very important and also Mr. Con- 
over’s warning regarding the presence of arsenic in certain glassware. 
On the whole the precipitation method with magnesium phosphate ap- 
pears to be the most satisfactory and convenient where it can be applied; 
that is, to materials in complete solution, or which can readily be dissolved, 
and which do not themselves cause an organic precipitate with magnesia 
mixture in alkaline solution. The method of Allen and Palmer appears 
to warrant study by the association. 
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LEAD. 

The work on lead this year was confined to its determination in baking 
powder and baking powder chemicals. After a study of the literature 
on the subject and some experimental work, the following methods were 
taken up for collaborative study: (1) Seeker and Clayton gravimetric 
method for alum-phosphate baking powders; (2) Potter's modification 
of the Teed method; and (3) the Teed method modified by the use of 
sodium bisulphite. 

The samples sent out for analysis consisted of, first, a lead-free alum 
phosphate solution, containing hydrolyzed starch, to which 1.8 mg. of 
lead per 100 cc. were added; second, a lead-free sodium tartrate solution 
containing hydrolyzed starch, to which 1.2 mg. of lead per 100 cc. were 
added. 

SEEKER AND CLAYTON GRAVIMETRIC METHOD. 

In the method as sent out by the referee 20 cc. of 10 per cent hydrochloric acid 
were recommended instead of 10 cc.; this change seemed to be an improvement, as 
it reduced the precipitate thrown down on passing in hydrogen sulphid to an amount 
easily handled, whereas with 10 cc. acid the precipitate was very bulky. Mr. Seeker 
has written that he still believes 10 cc. of acid are preferable and several of the 
analysts reported results on the original method. 

potter's modification of teed method. 

Preparation of standards . — Dissolve 200 grams of tartaric acid, 44 grams of am- 
monium chlorid, and 44 grams of potassium chlorid in 500 cc. of water and render 
alkaline to litmus with ammonium hydroxid. Add 20 cc. excess and 10 cc. of fresh 
colorless ammonium sulphid solution (2 cc. of concentrated ammonium hydroxid 
diluted to 10 cc. and saturated with hydrogen sulphid). After letting stand over- 
night filter through asbestos and boil until escaping vapor does not darken lead 
acetate paper. Filter the now acid solution through asbestos, treat with 5 grams 
of hydrazin sulphate, or the equivalent amount of hydrazin hydrochlorid, 40 cc. of 
concentrated hydrochloric acid, and 200 cc. of 8 per cent gum arabic solution. Boil 
2 minutes after any bitartrate which may have formed is dissolved, cool somewhat, 
add 5 cc. of 10 per cent potassium cyanid and make just ammoniacal to litmus. 
Add exactly 20 cc excess of ammonium hydroxid and dilute to 1200 cc. For each 
standard mix 60 cc. of this solution, which should be colorless and slightly opalescent, 
with the desired amount of standard lead nitrate solution (concentrated if necessary) 
and treat with 1 cc. of fresh colorless ammonium sulphid solution. Dilute to 100 cc. 
The standards should contain 0.1 0.3, 0.6, 0.9, 1.2, and 1 5 mg. of lead. To prepare 
the standard lead nitrate solution, pulverize some crystals and dry the powder 
over sulphuric acid. Dissolve 0.8 gram in 500 cc. of water and a few drops of nitric 
acid in a graduated flask. Dilute 20 cc. of this solution to 1 liter. Each cubic 
centimeter contains 0.02 mg. of lead. 

Determination . — To a 50 cc. sample of tartrate solution add 20 cc. of saturated 
hydrazin sulphate (about 0.4 gram of the salt) and boil 2 minutes. If the yellow 
color does not disappear, add a little solid hydrazin salt and boil again, but only for 
a moment. Any remaining color is due to organic matter. Remove from the flame, 
add 10 cc. of 8 per cent gum arabic solution and bring to boiling. Cool, add 1 cc. of 
10 per cent potassium cyanid and neutralize closely with concentrated ammonium 
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hydroxid using a burette and litmus paper. Add exactly 1 cc. excess and exactly 
1 cc. of fresh colorless ammonium sulphid solution. Dilute to 100 cc., mix well and 
stopper in a graduated tube. Prepare one new standard containing 0 6 mg. of lead. 
After 24 hours correct the old standard of the same concentration against the new 
by comparison in a colorimeter. Correct the other members of the series from the 
corrected value, that is, read 0.6 against 0.9, 0.9 against 1.2, etc. Read the solution 
of the sample against the nearest color in the series. 

If starch is present, dissolve the sample in 160 cc. of 1 to 7 hydrochloric acid at 
zero and filter at once through asbestos. Concentrate the clear solution on a water 
bath to 50 cc. and analyze as just described, beginning after the filtration with the 
following exception : Read at once against a new standard to which 5.2 grams of 
lead-free ammonium chlorid have been added. If any starch h&s dissolved, a yellow 
color will result before adding ammonium sulphid. This can be approximately cor- 
rected by reading before and after adding the sulphid against the standard. 

SODIUM BISULPHITE MODIFICATION OF TEED METHOD. 

Add to 50 cc. of solution (equal to 10 grams of baking powder) 2 cc. of sodium 
bisulphite solution, 1 heat to incipient boiling, and test a few drops of the solution 
with potassium sulpho-cyanid reagent to see if all the iron is reduced to the ferrous 
state; if not, repeat the treatment with bisulphite solution. Cool, add 1 cc. of 10 
per cent potassium cyanid solution and strong ammonia till just neutral to litmus, 
then 1 cc. in excess. Boil gently until clear and colorless, cool, and make to 100 cc. 
Add 2 drops of freshly-prepared colorless ammonium sulphid solution, mix well, 
and compare with standards prepared as follows : 

Dissolve 1.6 grams of crystallized lead nitrate, dried over sulphuric acid, in a 
liter of water containing a few drops of dilute nitric acid; each cubic centimeter of 
this solution equals 1 mg. of lead. This solution should be diluted 100 times for use 
in making up the color standards. 

Lead-free tartrate solution for use in making up the standards may be made as 
follows: 

Dissolve 200 grams of tartaric acid in about 500 cc. of hot water, cool, add 40 cc. 
of sodium bisulphite solution, heat to incipient boiling and test for complete re- 
duction of iron with sulphoeyanid as above, cool, then add 20 cc. of 10 per cent 
potassium cyanid and concentrated ammonia till the solution is distinctly alkaline 
to litmus paper. Boil until the solution clears, cool, add 2 cc. of freshly-prepared 
colorless ammonium sulphid, dilute to 1 liter, and allow to stand overnight in a tall 
cylinder. In the morning the lead sulphid will be found to have settled and can be 
removed by filtration. Boil the filtrate to remove hydrogen sulphid, cool and dilute 
to the original volume. To 50 cc. of this solution are added desired amounts of the 
standard lead solution. Dilute to 100 cc. and add 2 drops of colorless ammonium 
sulphid to make the standards. Mix well and compare with the solution of the 
sample, similarly treated, in a colorimeter. 

The sample should finally be compared with a standard, containing approximately 
the same amount of lead, in order to get correct results, and the addition of ammo- 
nium sulphid solution should be made to the standards and the sample solution at 
the same time, as the colors will change on standing. 


1 This bisulphite solution may conveniently be prepared by passing sulphur 
dioxid gas into a 10 per cent solution of anhydrous sodium carbonate until the 
evolution of carbon dioxid ceases. Dilute a little of this solution, as needed, with 
10 parts of water for use as the above reagent. 
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Samples and instructions were sent out to eleven collaborators, eight 
of whom have sent in reports as follows: 


RESULTS OF COOPERATIVE WORK. 

Lead in phosphate and tartrate solutions. 


LEAD IN PHOSPHATE SOLUTION 


Analyst 


Courtney Conover 

E. H. Berry 

P. B. Dunbar 

E. O. Eaton 

W. W. Karnan 

T. F. Pappe 

A. F. Seeker 

H. E. Woodward . . 

C. R. Smith 

Maximum 

Minimum 

Variation 

Average 


LEAD IN TAHTRATE SOLUTION 


Original 
Seeker-Clay- 
ton method 

Seeker-Clay- 
ton method 
lining 20 cc. in- 
stead of 10 cc. 
of 10 por cent 

hydrochloric 

acid 

Potter method 

Bisulphite 
modification 
of Teed 
method 

Allen 

modification 
of Teed 
method 

mg. per 100 cc. 

mg. per 100 cc. 

mg. per 100 cc. 

mg. per 100 cc. 

mg. per 100 cc. 


/ 15 

\ 




\ 2.0 

)•••• 


• . . 


/ 1-6 
\ 1.79 

j 1.45 

1.43 


3.4 

1.4 

1.2 

1.3 

1.2 


/ 0.84 

1.4 

1.2 



\ 0.84 

1.4 

1.3 

/••• 



1.4 

1.6 


0) 


1.4 


i!o 

2.1 

. . . 

1.2 

<*) 




f Ml 

1.5 

1 ’ 



J 1.01 

1.4 


v) 

. . . 

1 0.96 

1.35 

... 



[1.23 

1.26 

J 

1.73 


1.40 

1.6 




1.45 

1.6 




0.96 

1.2 

, , . 



0.49 

0.4 

. . . 



1.26 

1.3 



1 No sample sent. 

* Determination lost. 


COMMENTS OF ANALYSTS. 


E. H . Berry: There seems to be little choice between the two colorimeter methods. 
The use of gum arabic in the Potter modification makes it possible to keep the two 
standards for some time, which is an advantage. The gum causes a slight turbidity, 
however, making it difficult to get a good comparison. This more than offsets the 
the advantage gained by the use of the gum. The gravimetric method, although 
long and tedious, works very well. The fact that the lead is precipitated and weighed 
makes the method an excellent one for use in court cases. While it appears to 
have been recommended especially for phosphate products, it might be well to use 
it on tartrate solutions for checking results by color comparison. 

P. B. Dunbar: The bisulphite modification of the Teed method seems to work 
very satisfactorily. The use of sodium bisulphite appears to have a decided ad- 
vantage over sodium thiosulphate, as no separation of sulphur occurs. The Potter 
modification appears to have no advantage whatever over the bisulphite modifi- 
cation. It is much longer and more complicated, and the introduction of reagents 
after the removal of lead may possibly result in the reintroduction of lead. The 
directions for making lead-free standard solution are not satisfactory. It is possible 
to dissolve 200 grams of tartaric acid and 44 grams of ammonium chlorid in 500 cc. 
of water, but on addition of potassium chlorid a precipitate appears. By increasing 
the dilution to about 800 cc. and keeping the temperature near boiling, a clear solu- 
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tion may be maintained until the addition of hydrochloric acid, when a heavy pre- 
cipitate of bitartrate appears, which can not be dissolved by boiling. If the subse- 
quent treatment is carried out without paying any attention to this precipitate, it 
finally dissolves on the addition of ammonia. 

Since making determinations by the Seeker-Clayton method, I have had some 
correspondence with Mr. Seeker regarding some of the difficulties encountered. 
Following his suggestions I have obtained some 10 cc. crucibles and have also digested 
the sulphuric acid mixture to dissolve basic sulphate of iron, which maybe present 
at that stage. With these changes I have made determinations on samples of cal- 
cium phosphate and alum containing amounts of lead varying from 30 to several 
hundred parts per kilogram. The duplicate results obtained have agreed very well, 
and have checked other analysts satisfactorily, so that I believe with a little practice 
in the use of the method, concordant results can be obtained. 

E. 0. Eaton: I do not see how the Potter method can be satisfactory, as it takes 
for granted that the lead is present as a salt soluble in hydrochloric acid. It may be 
present as an insoluble salt, or as metallic lead, and would not be found by this 
method. Further, the method of eliminating starch is not satisfactory, and if pres- 
ent interferes with the final reading. The use of sodium bisulphite in the other 
modification of the Teed method is a great advantage, inasmuch as you do not get 
any free sulphur, which eliminates long boiling and the liability of forming lead 
sulphid. The presence of inverted starch products does not seem to influence 
materially the solution for colorimetric assay. The dextrinized products also have 
a tendency to hold the lead sulphid in colloidal suspension, and can be read ma)ny 
hours after standing. The standards, if not read at once, should contain an added 
amount of inverted starch or dextrin. 

The Seeker-Clayton method appears to be satisfactory with the proper pre- 
cautions. I found it necessary to have the solution very acid in order to hold the 
salts in solution for the precipitation with hydrogen sulphid. It was not necessary 
to let the precipitated sulphid stand over an hour before filtration. Great care 
should be taken in packing the Gooch crucibles for the final weighing. 

C. R. Smith : While I have had experience with determining lead colorimetrically, 
I have of late determined it gravimetrically in both tartrate and phosphate solutions 
in preference. 

H . E. Woodward: It was rather difficult to compare the unknown with the stand- 
ards in the colorimetric methods because of a difference in color, due perhaps to the 
fact that the unknown w r as made with starch and sodium carbonate in addition to 
tartaric acid. The Dubose colorimeter was used. When a large number of samples 
must be examined for lead, the Potter method is advantageous because the colors 
do not have to be compared immediately after adding ammonium sulphid, and be- 
cause the standards keep so long, but for ordinary work I prefer the other method 
as it is easier, and also because I have always had better results by it. Sodium 
bisulphite as a reducer is an improvement over sodium thiosulphate in that the 
latter often gives a turbid solution. 

W. W. Karnan: The Seeker-Clayton method I have found very satisfactory, 
especially where the amount of lead is comparatively high. Where the amount of 
lead is small and the actual weight of lead chromate obtained is about 1 mg. (which 
is not infrequent on a small sample), it seems to me that a more accurate measure- 
ment of the lead can be had by treating the ammonium acetate solution of the lead 
sulphate precipitate according to the Teed or Potter colorimetric methods. There 
seems to be some danger of loss by incomplete solution of the lead sulphate in the 
ammonium acetate. In the determination mentioned, where the lead content was 
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10 mg., I found it necessary to warm the mixture to insure complete solution, which 
may possibly account for the low result in the 2.5 mg. sample. 

The Teed method seems to be simpler than the Potter method, both in making 
the determination and in the preparation of the lead-free tartrate solution, but this 
is no doubt offset by the fact that the standards in the Potter method are fairly 
permanent, while those in the Teed method precipitate overnight. The perma- 
nency of Potter’s standards, however, seems to be only relative. I found that after 
three or four weeks, with occasional readdition of ammonium Bulphid, they finally 
became unsatisfactory, due, apparently, to the fact that they had commenced to 
fade unevenly, ft may be, however, that a little more care in preparing and keeping 
will obviate this. Teed’s standards and color solutions change so rapidly, that care 
had to be taken to mix them thoroughly before and after adding the sulphid reagent, 
otherwise development of color was not uniform. I also noticed, especially with 
Potter’s method, what is apt to be a general fault with colorimetric methods, namely, 
that the tint of the unknowns would be different from the standards. This was 
noticeable, for example, in the above determination on cream of tartar baking 
powder by the Potter method. The unknowns possessed a decided reddish tint which 
by direct comparison read 0.6 to 0.7 mg., while by the colorimeter (Schreiner) read 
0.53 mg., the actual lead content being 0.5 mg. It would appear, however, that 
these methods should work very satisfactorily in experienced hands. 

Experiments were also made on two commercial baking powders, one a cream of 
tartar powder and the other an alum powder, to which known amounts of lead had 
been added in the form of lead nitrate solution. 

In the case of the tartrate, a blank was run on 20 grams, the final solution being 
made up to 100 cc., and 50 cc. portions tested by both the Teed and Potter methods. 
To each of two 20-gram portions of the powder 2.5 mg. of lead were added in the 
form of lead nitrate solution, and run through the procedure. The final volume of 
solution in each case was 100 cc., 20 cc. aliquots (equivalent to 0.5 mg. of lead) 
being taken for the reading. Samples were dissolved in 25 cc. of distilled water and 
25 cc. of 1 to 3 hydrochloric acid in the cold, diluted to approximately 150 cc., and 
filtered through washed asbestos in a Gooch crucible. Iodin test for starch was 
made on all filtrates with negative results. After concentration on the steam bath, 
solutions were made up to 100 cc. with distilled water and aliquots taken for the 
respective determinations as stated above. 

In the case of the alum powder, the lead was run by the Seeker and Clayton method 
except as noted below. A blank was run separately on 20 grains. Two separate 
portions of 10 grams each were also taken, to which were added respectively 2.5 mg. 
and 10 mg. of lead in the form of lead nitrate solution. In the 10 mg. sample, just 
previous to the chromate precipitation, the solution was made up to 100 cc., and 
only 60 cc. (equivalent to 6 mg. of lead) were used for the gravimetric determination. 
The remainder was used for a colorimetric determination by simply neutralizing 
a suitable aliquot with concentrated ammonia, adding 1 cc. in excess, transferring 
to a 100 cc. Nessler tube, together with 50 cc. of the lead-free tartrate solution, 
making to volume, and comparing with standards as usual. 

Results obtained on the cream of tartar baking powder . 

Teed— Blank on 10 grams powder— 0.0 mg. of lead. 

Potter— Blank on 10 grams powder— 0.0 mg. of lead. 
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Method 

Mg. of lead added 

Mg. of lead found 



Teed 

A 0 5 (X5) 

0.50 (X5) 




B 0.5 (X5) 

0.51 (X5) 



Potter 

A 0 5 (X5) 

H) 53 (X5) (reddish tint) 

by 

colorimeter. 


BOS (X5) 

*0 53 (X5) (reddish tint) 

by 

colorimeter. 


1 Direct readings gave approximately 0.6 to 0.7 mg. 


Results obtained on the alum baking powder . 


Blank on 10 grains powder 0.26 mg. of lead. 

Method Mg of lead added Mg. of lead found 


Seeker and Clayton 

Seeker and Clayton combined 
with Teed 


/A 2 5 
6.0 

A 0 5 


2.37 - 0.26 = 2.11 
5 76 - 0 26 = 5 50 

0.5 


DISCUSSION. 


The results by the two colorimetric methods with tartrate solution are 
very satisfactory. As the sample sent out, however, consisted of a tar- 
trate solution, it seems best to do further work on these methods next 
year, using samples of baking powder. To make the bisulphite modifi- 
cation of the Teed method applicable to baking powder, I would suggest 
the following preliminary directions for preparing the baking powder 
solution. 


PRELIMINARY PROCEDURE FOR PREPARING BAKING POWDER SOLUTION. 

Weigh out 20 grams of baking powder, well mixed, into a 250 cc. casserole, add 
water a little at a time with stirring until reaction is completed. Then add hydro- 
chloric acid (1 : 1) in the same way until the excess of carbonate is decomposed. 
Add 5 cc. of acid in excess, cover with a watch glass and digest on a steam bath until 
a test with iodin solution shows the absence of starch. Filter through a fluted filter, 
and wash the filter several times with small portions of hot water. If lead particles 
are visible on the filter, or the presence of lead in the metallic state is suspected, treat 
any residue on the filter with several small portions of hot nitric acid (specific gravity 
1.2), collect the acid solution in a separate small porcelain dish, evaporate this solu- 
tion to dryness on a water bath and expel nitric acid by several treatments and evap- 
orations with a few drops of concentrated hydrochloric acid. Rinse the contents 
of the dish through a small filter into the main solution and make up to 100 cc. 

PRELIMINARY PROCEDURE FOR TARTARIC ACID OR CREAM OF TARTAR. 

Weigh out 10 grams of the well-mixed powdered sample, dissolve in 50 cc. of hot 
water, using also 5 cc. of 1 to 1 hydrochloric acid, filter, and treat filter with dilute 
nitric acid, and proceed as directed for baking powder. Where lead is present in the 
metallic state and is, therefore, very unevenly distributed through the sample, it 
is better when possible to use a larger sample, say 100 grams, making the solu- 
tion up to the corresponding volume, before taking portions for the colorimetric 
determination. 

The Seeker and Clayton method has a distinct advantage for forensic 
work, as it allows the separation and identification of a lead compound 
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and its presentation as evidence. The cooperative work on this method, 
however, was unsatisfactory and hardly sufficient to judge fairly its 
merits. It appears to give satisfactory results in the hands of experi- 
enced analysts. 

TIN. 

See supplementary report by E. L. P. Treuthardt. 

RECOMMENDATIONS. 

It is recommended — 

(1) That the methods for the determination of lead in baking powder 
and baking powder materials, which were studied this year, be made the 
subject of further study. 

(2) That the methods for the determination of arsenic, substantially 
as given in Bureau of Chemistry Circular 102 and in the Proceedings of 
the Eighth International Congress of Applied Chemistry t volume 1, page 
9, be studied for another year. 

(3) That the procedure of digesting the sample by the use of nitric 
and sulphuric acids in the determination of tin be further studied. In 
this connection it is desirable to develop further procedures applicable 
to meats and fish in which the time required may be shortened and which 
will allow the use of a larger sample. 

(4) That the gravimetric method for tin, including modifications using 
Gooch crucible and potassium hydroxid, be further studied, with a view 
to its adoption as provisional. 

(5) That the volumetric methods for tin devised by Baker, Alexander, 
and Bloomberg be further studied. 

(6) That the methods for the determination of copper and zinc in food 
products be made the subject of study by this association as soon as 
possible. 


HEAVY METALS IN FOODS: TIN. 

Supplementary Report by E. L. P. Treuthardt. 

A study was made of the digestion of the sample by the use of nitric 
and sulphuric acids, and of six methods for determining tin. More or 
less complete results were obtained from seven collaborators. 

DIGESTION OF SAMPLES. 

The collaborators were requested to try the following methods upon 
various substances, to comment upon them, and to state which they 
considered best. Some of the workers omitted this work through lack 
of time, toit gave their opinions as formed from previous experience. 
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METHODS. 

1. Weigh 100 grams of the finely-ground sample into an 800 cc. Kjeldahl flask and 
add 50 cc. of concentrated sulphuric acid. Place the flask on a hot plate or on a wire 
gauze over a free flame; add about 30 cc. of concentrated nitric acid, raise the tem- 
perature to boiling and heat until white fumes are generated; then, without cooling, 
add 10 cc. of nitric acid and continue heating as before. Repeat the addition of 
nitric acid until the solution remains clear after boiling off the nitric acid fumes. 
The rapidity of digestion depends upon the temperature maintained — the higher 
the temperature the faster the material is oxidized. 

2. Weigh out a 100-gram sample as before. Add 50 cc. of concentrated sulphuric 
acid and then at once 200 cc. of concentrated nitric acid. Boil down until the solu- 
tion is clear. If the material chars badly, add more nitric acid; this will not be neces- 
sary in most cases. 

S. Weigh out a 100-gram sample and add 100 cc. of concentrated nitric acid. 
Allow to stand, preferably overnight. If evolution of nitric fumes occurs, add more 
nitric acid, then add 50 cc. of concentrated sulphuric acid, allow r to stand a few 
minutes (to see if any evolution of fumes takes place) as before, and then heat until 
w r hite fumes are evolved. Proceed further as in 1. 

4. Proceed as in 3, except before adding the sulphuric acid boil the nitric acid 
solution until the foaming ceases and the material boils quietly. Then add 25 cc. 
of concentrated sulphuric acid, allow the charge to clear a little, and add nitric acid 
a little at a time, proceeding as before. It is not necessary to allow' to stand over- 
night. 

5. Proceed as in 4, but use 100 cc. of water and 150 cc. of concentrated nitric acid. 
Use 50 cc. of concentrated sulphuric acid. 

This work evolves large quantities of corrosive fumes and ample hood space and 
good ventilation are essential. A flue similar to that used for nitrogen determina- 
tions is desirable. A very satisfactory flue can be made of asbestos paper painted 
with a mixture of barium sulphate ground wdth w ater glass solution. This is rolled 
upon bottles as molds while w r et, and the bottles are pushed out before the mixture 
dries. After drying, holes may be cut into the flue, and sufficient connections 
may be made w r ith asbestos pulp. After several coats of the silicate paint, the flue 
will last a long time. 

CHOICE OF METHODS. 

II. A. Baker: For gelatin and squash, Method 2. 

For sugar sirup, Method S, w ith further addition of 100 cc. of nitric acid. Time 
required, 7 to 8 hours. 

E. Bloomberg: For vegetables, Method 4- 

For saccharine substances, Method 5. If concentrated nitric acid is used, con- 
siderable frothing and foaming take place and in the majority of cases the 
product will go over. It is w'ell to boil down and make several additions of nitric 
acid before adding the sulphuric acid and proceeding as before. 

For animal and fatty matter, Method 1 . 

R. W. Clough: Method 4 • 

H. C. Fuller: Method 2. 

Method 1 is objectionable on account of frothing w r hen nitric acid is first added. 
Fifty cc. of sulphuric acid and 200 cc. of nitric acid are used with beans, meat, etc., 
while 10 to 25 cc. of sulphuric acid and 50 to 100 cc. of nitric acid are used for products 
low in solids. After the first portion of nitric acid has boiled off, two additions of 
5 to 25 cc. of nitric acid are sufficient. 
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B. L. P. Treuthardt: Method S, except for fatty substances, when Method 1 is 
better. In the latter, nitric acid is added to the cold solution. 

H. E . Woodward: Method 1 , except for sugar sirups, when Method $ is better. 
In the latter, 50 cc. of nitric acid is used instead of 100. Time required to digest 50 
grams fish is 3 hours. Twelve additions of 10 cc. of nitric acid were made. 

P. Rudnick and G. W. Trainor: Method $ is the best all around method. Method 
1 is perhaps next, with Method 5 following. Method 2 takes too long and Method 4 
would be better using 50 cc. of sulphuric acid instead of 25. 


Results obtained by Rudnick and Trainor. 


SAMPLE 

METHOD 

TOTAL 

SULPHURIC 

ACID 

TOTAL 
NITRIC ACID 

10 CC. POR- 
TIONS OF 
NITRIC ACID 
ADDED 

TOTAL 

TIME 



CC. 

CC. 


hour a 

Canned baked beans (total solids 

1 

50 


17 

n 

31 per cent) : l 

2 

50 

210 

1 

4 

3 

50 


11 

13 


4 

25 


13 

1ft 


5 

50 


7 

if 

Canned sardines in oil : 2 

1 

50 


21 

U 


2 

75 

310 

11 

5 


3 

50 

380 

28 

53 


4 

50 


19 

23 


5 

50 

290 

14 

33 

Canned strawberries (total solids 

1 

50 


4 

n 

8.1 per cent) : 3 

2 

50 


0 

53 

3 

50 


2 

H 


4 

25 

120 

2 

13 


5 

50 

170 

2 

233 

Canned strawberries in heavy 

1 

50 

150 

12 

if 

sirup (total solids 56.3 per 


50 

220 

2 

4* 

cent) : 4 


50 

260 

16 

If 



25 



If 



50 

250 


2 

Canned corn beef : 6 


50 

250 

22 

Hi 



50 

250 

5 

4 



50 

220 

12 

1ft 

1ft 



50 

240 

14 


5 

50 

250 


2j 


1 Little or no trouble from frothing or bumping— -Method S preferred. 

* Hard product to handle; Method 6 preferred if any preference made. 

1 Product easily handled by any of the methods; Method 1 preferred if any preference made. 

4 Method 5 preferred; large amount of sugar necessitated use of much nitric acid; deficiency of sulphuric 
acid in Method 4 is particularly noticeable in this case. 

' Method S preferred. 

The following method calls for a preliminary extraction of the fat. 

Digestion of fat-containing substances . — Place four 50-gram portions of the sample 
in 100 cc. tubes such as are furnished by the International Instrument Company 
with their large centrifuges. To each tube add 25 cc. of ordinary kerosene, stir 
well, centrifuge and decant off the supernatant oil through a filter into a beaker, 
taking care to get none of the subnatant sample into the filter. Repeat the ex- 
traction with two portions of 15 cc. and 10 cc., respectively, for each tube. Trans- 
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fer the extracted residues to two 800 cc. Kjeldahl flasks, combining the contents 
of two tubes into each digestion, and begin digestion by any method preferred. 
Transfer and combine the kerosene solution of the oil into two samples correspond- 
ing to their respective residues, which should be allowed to burn in porcelain cru- 
cibles, holding about 60 cc., using the filter, through which the solutions were filtered 
as a wick. To do this, fold the filter tightly and place it in the oil with the point 
up and ignite the point, add fresh portions of the oil-kerosene solution as the oil in 
the crucible burns away until all the solution has been burned off as completely as 
it will. Then ignite the crucible in a muffle or over a M6ker type burner until all 
the carbon has been burned off. Add the residual ash to its respective digestion 
flask and continue the determination in the ordinary manner. It takes about 2 or 
3 hours to burn off the kerosene, and no particular attention is required. The ash 
does not stick to the crucible if care is taken to select crucibles in which the inside 
glaze is not seriously damaged. The digestion is thus rendered very much easier 
and less troublesome, in fact, is practically as easy as the digestion of most of the 
fruits and vegetables. 

DISCUSSION. 

As very few of the collaborators agree upon what is the best method of 
digestion, it seems that no hard and fast procedure can be laid out, but 
that the details of the operation had best be left to the individual opera- 
tors. It is evident that the treatment must vary according to the nature 
of the substance, and that improvements in the procedure will come by 
the devising of means to economize in reagents and in time. This method 
is least satisfactory in meat products or other substances containing much 
fat or oil. To prevent bumping, Bloomberg and Treuthardt use glass 
beads and Rudnick and Trainor use a 3-inch ring support completely 
covered by winding with f-inch asbestos cord. 

DETERMINATION OF TIN. 

METHODS. 

Except in Method 4, the sample is first digested to a colorless or pale yellow 
solution by one of the methods given under ‘‘Digestion of Sample. ” 

1. Gravimetric method /. — Add 200 cc. of water to the digested solution and pour 
into a 600 cc. beaker. Rinse out the Kjeldahl flask with 3 portions of boiling water 
so that the total volume of the solution is about 400 cc. ; allow to cool and add 100 cc. 
of concentrated ammonium hydroxid. This amount of ammonium hydroxid should 
render the solution nearly neutral, unless more than 50 cc. of sulphuric acid have 
been used for digestion. The solution should be tested to see that it is still some- 
what acid. In case of large excess acid, add ammonium hydroxid until just alkaline 
and then make about 2 per cent acid with hydrochloric or sulphuric acid. Pass in 
a slow stream of hydrogen sulphid for an hour having the covered beakers on an 
electric hot plate at about 95 °C. Allow to digest on a hot plate for an hour or two. 

Filter the tin sulphid on a 11 cm. filter*. Wash with 3 portions of wash solution 
alternated with 3 portions of hot water. The wash solution is made up of 100 cc. 
of saturated ammonium acetate, 50 cc. of glacial acetic acid, and 850 cc. of water. 
The filter papers used in this method are C. S. & S. No. 590, white ribbon. 

Place the filter and precipitate in a 50 cc. beaker and digest with 3 successive 
portions of ammonium polysulphid, bringing to a boil each time and filtering through 
a 9 cm. filter; wash with hot water; acidify with acetic acid, digest on the hot plate 
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for an hour and filter through a double 11 cm. filter. Wash with 2 portions of wash 
solution alternated with hot water and dry thoroughly in a weighed porcelain cru- 
cible. Thorough drying is essential to the success of the determination. Ignite 
very gently at first and later at full heat of Bunsen flame; finally heat strongly with 
large burner, or M6ker burner, having the crucible partly covered. Stannic sulphid 
must be gently roasted to the oxid, but the oxid may be heated strongly without 
loss due to volatilization. 

Weigh the stannic oxid and convert to metallic tin by the factor 0.7881. 

2. Gravimetric method II . — Precipitate with hydrogen sulphid as in 1 . Filter the 
tin sulphid on a Gooch crucible under suction, and wash six times as before, filling 
the crucible each time. Transfer absestos mat and precipitate to a 300 cc. Erlen- 
meyer flask, add 100 cc. of 20 per cent potassium hydroxid and boil over a free flame 
for about 2 minutes. Filter into a 400 cc. beaker, using Gooch crucible and bell 
jar if possible, otherwise double white ribbon paper; wash with hot water until 
filtrate comes through colorless. The filtrate wijl have a volume of 200 or 300 cc. 
Add 20 cc. of concentrated hydrochloric acid, and then neutralize with concentrated 
hydrochloric acid from a burette. Add 1 cc. excess acid. Digest in a warm place, 
preferably overnight. Make sure that the solution is acid and filter through a 
Gooch crucible which has previously been washed, ignited and weighed. Wash 
alternately with ammonium acetate solution and hot water until free from chlorids. 
Dry, ignite and weigh. 

S. Volumetric method I (Baker). — Tin, after wet combustion, is precipitated in 
the usual way by hydrogen sulphid. Filter this precipitate upon a Gooch crucible 
with a false bottom, using suction. Wash the precipitate a few times and then push 
the false bottom, asbestos pad, and tin precipitate into a 300 cc. Erlenmeyer flask. 
Remove all traces of precipitate from the inside of the crucible by means of a jet 
of hot water and a policeman. Use a minimum amount of water for washing. Add 
100 cc. of concentrated hydrochloric acid and 0.5 gram of potassium chlorate to the 
flask. Boil for about 15 minutes, making about four more additions of potassium 
chlorate as chlorin is boiled out of the solution. The chlorate is best added with a 
small glass spoon. This insures complete breaking up and solution of the tin sulphid 
as well as the elimination of the sulphur. Wash the particles of potassium chlorate 
down from the neck of the flask and give a final boiling to remove the chlorin. 
Finally add about 1.5 grams of aluminum foil (free from tin) to dispel the last traces 
of chlorin. 

The flasks, in duplicate, are attached to a large Kipp generator charged with 
pure marble and hydrochloric acid. The carbon dioxid passes through a scrubber 
and is then divided into two streams by means of a Y tube, each stream of carbon 
dioxid entering an Erlenmeyer flask by means of a bulbed tube passing through the 
rubber stopper of the flask and having its lower end near the surface of the liquid 
in the flask. The carbon dioxid leaves the flask by a second bulbed tube, the open- 
ing of which is near the top of the flask. This tube is connected to one about 10 
inches long which is immersed in water about 8 inches deep. This gives a water 
seal to the delivery tube and a pressure against which the Kipp apparatus must 
work. It also obviates any violent flow of the gas when not desired and permits 
a gas pressure in the Erlenmeyer flask. 

Pure seamless black rubber tubing and f inch glass are used to form the connec- 
tions specified. Enough water is added to the flasks to dilute the hydrochloric acid 
to about 30 to 40 per cent. After the flasks are connected, raise the tubes in the 
water seal cylinder so that the Kipp apparatus has practically no pressure to over- 
come. Allow carbon dioxid to run through for a few minutes. Drop the tubes to 
the bottom of the cylinder, creating a pressure in the flasks. Lift the rubber stoppers 
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of the flasks alternately about a dozen times, and pump out any air remaining in 
the flasks. 

Slightly raise the stopper of one of the flasks and quickly drop about 2 grams of 
aluminum foil into the flask. The foil should be folded into a strip about 1 cm. 
wide and slightly bent so as to prevent it from striking directly on the bottom of 
the flask. The tin is quickly reduced to metallic form and a great deal of hydrogen 
is evolved. Raise the tubes in the cylinder to allow carbon dioxid to pass through 
and place the flasks upon electric hot plates, heated at the “high” stop. The alum- 
inum disappears and the tin is changed to stannous chlorid. The acid strength of 
the solution will now be 25 to 30 per cent. 

After boiling for a few minutes, remove the flasks from the hot plates and cool 
in ice water, while still under carbon dioxid insulation. Lower the tubes in the 
cylinder. When cool, disconnect the flasks one at a time, putting a glass plug into 
the carbon dioxid inflow. W T ash out the tubes, rubber stopper, and sides of the flask 
with air-free water, add starch paste and titrate at once with hundredth-normal 
iodin. 

If it is desired, titrate by the excess method, running an excess of hundredth- 
normal iodin into the flask while it is still connected with the carbon dioxid stream. 
W T ash out the tubes and titrate the excess iodin with sodium thiosulphate. 

The rubber connections should be washed with water after each determination. 

REAGENTS. 

Air-free water. — Dissolve 20 grams of sodium bicarbonate in 2 liters of boiled dis- 
tilled water and add 40 cc. of concentrated hydrochloric acid. Make up fresh. 

Hundredth-normal iodin. — 1.27 grams of iodin and 2 grams of potassium iodid per 
liter of water. This should be standardized daily against tin solution, containing 
asbestos, and run through the above procedure, omitting the precipitation and 
boiling with hydrochloric acid and potassium chlorate. 

Hundredth-normal sodium thiosulphate. — 2.48 grains of sodium thiosulphate per 
liter of water. 

Standard tin. — 1 gram of tin dissolved in about 500 cc. of concentrated hydro- 
chloric acid. Make up to 1 liter with water. 1 cc. = 1 mg. of tin. 

4. Electrolytic method. {Cushman and Wcttengel). — Place 50 grams of the pulped 
material in a 600 cc. beaker and bring to a slow boil with 50 cc. of concentrated 
hydrochloric acid and 25 cc. of concentrated nitric acid. Stir the mixture continu- 
ously and continue the boiling 5 minutes unless there is danger of foaming, in which 
case remove the flame and allow the material to digest for 10 minutes. Dilute the 
solution with about an equal quantity of water, make alkaline with strong ammo- 
nium hydroxid and add 25 cc. of saturated ammonium sulphid. Digest the mixture 
for a few minutes with thorough stirring and filter out all insoluble organic matter 
on a ribbed filter. Use about 150 cc. of wash water (boiling water containing a little 
ammonium sulphid) in 5 separate washings, making the total solution to 400 cc. 

Electrolyze the solution hot, using 1.5 amperes at 6 volts. Use a rotating cathode. 
The end of the revolving spindle carries a rubber stopper over which a clean weighed 
platinum crucible is slipped. From 1 to 4 hours is necessary to complete an electro- 
lytic run, 2 hours being generally sufficient except in cases where the tin content is 
very high. At the end of a run clean the crucibles by heating in a solution made 
by mixing 100 cc. of 10 per cent oxalic acid with 100 cc. of concentrated nitric acid. 

5. Volumetric method II ( Alexander , Bloomberg , and Ijourie). — Destroy the organic 
matter by the usual nitric and sulphuric acid digestion. Cool the clear straw- 
colored liquid, add about 50 cc. of water; neutralize against phenolphthalein with 
saturated caustic soda solution; run in enough soda to just turn the color pink, then 
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reverse with 1 to 4 sulphuric acid until colorless. Boil for 5 minutes, filter, wash 
with hot saturated solution of sodium sulphate once or twice, then rinse out flask 
with a hot solution of 30 cc. of hydrochloric acid to 100 cc. of water, pouring through 
filter paper; use about 50 cc. for rinsing the flask, then punch hole in paper and wash 
sides down with the hot acid solution. This solution should be received in a 300 cc. 
Erlenmeyer flask. Add glass beads and one gram of antimony dust, boil for 2 min- 
utes; while boiling, stopper the flask with a one-hole rubber stopper through which 
a bent glass tube passes, the lower end of which dips into a solution of sodium bi- 
carbonate, prepared by diluting 2 parts of saturated solution with one part of water. 
Cool under faucet. When cold, remove stopper, add 10 cc. of starch solution and 
15 cc. of saturated sodium bicarbonate and titrate with standard iodin solution. 

6 . Volumetric method III {Bloomberg ). 1 — Digest sample as usual. When light 
yellow in color, make one more addition of nitric acid and take to fumes. Then 
add 10 grams of potassium sulphate and heat for 10 minutes to drive off all remain- 
ing nitric acid ; cool, transfer to a 500 cc. Erlenmeyer flask with approximately 200 cc. 
of water; add 40 cc. of concentrated hydrochloric acid and 1 gram of powdered anti- 
mony. Proceed as in 5 . 

Modifications of Methods. 

Some of the collaborators did not obtain good results with certain methods until 
the procedures were modified. The results obtained by the modified methods are 
marked with the superior figure l<l ” in the table of results. The modifications re- 
ported are : 

1. II. E. Woodward obtained low results when the tin sulphid w'as filtered hot. 
By allowing to stand and filtering cold, he obtained a set of higher results. 

E. Bloomberg stated that after the caustic potash solution was acidified, hydro- 
gen sulphid was passed into the solution, otherwise there was not as complete pre- 
cipitation of tin. As it is not possible to wash asbestos free from alkali, paper pulp 
was used instead of asbestos in the Gooch crucible. 

4 . R. W. Clough could not get satisfactory results by this method and employed 
one in which 1 was followed up to the solution of the sulphid in ammoniimi sulphid. 
The ammonium sulphid solution was then electrolized with 2.5 amperes, at 8 to 10 
volts, using a platinum dish as cathode and a rotating wire disk as anode. Silvery 
and adhering deposits were obtained. 


Samples. 


Samples A and B were synthetic samples having the following composition: 

A: percent. 


Gelatin 4.00 

Sucrose 8 30 

Phosphoric acid 0 50 

Sodium benzoate 0.20 

Sodium phosphate 0.20 

Sodium chlorid 0.30 

Ferrous sulphate 0.05 

Water 86.43 

Tin 0.02 


B: per cent. 

Sucrose 30.00 

Tartaric acid 1.00 

Tannic acid 0.10 

Sodium benzoate 0.20 

Cream of tartar 0.50 

Sodium chlorid 0.05 

Ferrous sulphate 0.03 

Water 68.09 

Tin 0.0267 


Sample C was a commercial canned squash. A large batch was thoroughly mixed 
and aliquot portions taken as samples. 


1 This method was not sent to all the collaborators ; results were obtained by two 
analysts. 
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ANALYTICAL RESULTS. 

Cooperative results of determination of tin. 
(Mg. per kilogram) 


SAMPLE AND ANALYST 


METHOD 1 METHOD 2 


METHOD 5 METHOD G 


A (tin content 200 mg. 
per kilogram) : 


H. A. Baker . 


E. Bloomberg . . 

R. W. Clough 
H. C. Fuller 


H. E. Woodward 

B (tin content 2G7 mg. 
per kilogram) : 


181 2 1 1WP , 

. ig 7 5 157 G 1 

204 1 I 1599 J 


P. Rudniek and G. W. / 217. 

Trainor ... 1 215 


E. L. P. Treuthardt- 


H. A. Baker 


E. Bloomberg j 

R. W. Clough. . . 

II. C. Fuller 

P. ltudnick and G. / 
\V. Trainor \ 

E. L. P. Treulhardl.. [ 
H. E. Woodward ... < , 

„ , . I 1 

C (tin content un- 
known) : 


f 271 4 
\ 273.7 


H. A. Baker 
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SAMPLE AND ANALYST 


C (tin content un- 
known) — Continued 

E. Bloomberg 

R. W. Clough 

H. C. Fuller 

P. Rudnick and G. 
W. Trainor 


E. L. P. Treuthardt. . . 


H. E. Woodward 


METHOD 1 

METHOD 2 

METHOD 3 

METHOD 4 

METHOD 5 

/ 261.8 

f 163.3 

226.9 

1 267.9 

1 

255.2 

\ 

/ 249.6 

\ 258.6 



) 

\ 265.4 




278.1 

1 



\ 262.4 


278.1 

J 


285. 



[323'. 

284. 

1 


/ 327. 

i 


323. 


/ 329. 

\ 329 

) ■ • 


m 

1 

\329. 

/ 298. 

271. 


325. 


f 223. 

\ 288. 

278. 



} •• 


f 273. 

i 





245. 

306. 


283 

212. 


*279 

226. 


282. 

214. 

)•••• 

[ l 263. 

J 






METHOD 0 


266.6 

269. 


}.... 

304. 

216. 


1 Modified procedure (See p. 256.) 


Besides the regular samples, Rudnick and Trainor have submitted the 
following results which they obtained on analyzing samples containing 
known amounts of tin: 


Results on samples containing known amounts of tin . 


SUBSTANCE 


TIN RECO\ ERF.D 

TIN ADDED 






Method 1 

Method 3 

Method 5 


mg. 

mg. 

mg. 

mg. 



[20 

20.10 

14.90 

14.90 


Strawberry preserves 


15 

15 





10 

rii.oo 

/ 10.83 

1 10.55 

} 10.08 



1 

f 10.20 
\ 10.30 

} 10.08 

Corned beef 

\ 

no 

L 10 

10 16 
9.54 

10 27 
10.64 

J 10.69 
10.65 



5 


5.30 


Fresh meat 


10 

15 


10.20 

15.20 








,15 


15.30 

■ 


COMMENTS BY ANALYSTS. 

Some of the comments have already been given under ‘ ‘Modifications of Methods.” 

E. Bloomberg considers Method 1 the most accurate, although his modification of 
Method % also gives satisfactory results. He had trouble with bumping of the 
hydrochloric acid solution containing potassium chlorate. Antimony was used 
instead of aluminum for the reduction. Method 6 which he proposes is more rapid 
than the others. In this method copper has no effect upon the titration when the 
solution contains one-third its volume of hydrochloric acid. It sometimes happens 
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that the digested solution after the addition of potassium sulphate contains a pre- 
cipitate of metastannic acid. In this case the operation should be repeated. 

R. W. Clough considers Method 3 the most satisfactory. The results by Method 
1 were too low, probably due to too rapid combustion. Method 4 did not prove at 
all satisfactory; ammonium sulphid did not separate the tin completely; and the 
metal did not deposit satisfactorily from the electrolyte, being dark and easily 
rubbed from the dish. In some cases a deposit of iron was obtained as well as tin. 
In Method 1 the use of hydrochloric acid instead of acetic acid is recommended to 
acidify the ammonium sulphid solution, as the latter tends to result in colloidal tin 
sulphid. 

P. Rudnick and G. W. Trainor prefer Method 3 or 5 when a great number of samples 
are to be run, but Method 1 for single determinations. The results from Method % 
as given are worthless. 

E. L. P. Treuthardt prefers Method 3. The results by Method 1 were too low 
and compared very unfavorably with previous work by this method. Method 4 has 
been found not to recover all of the tin. The results by Methods 5 and 6 are erratic, 
due to lack of experience. The use of aluminum is preferred to antimony as a re- 
ducing agent. 

H. E. Woodward prefers Method 4 provided it gives correct results; otherwise, 
Method 3. At first he had trouble with copper sulphid from the rotating spindle 
forming a black deposit on the tin, but this was remedied by the use of a glass tube. 
Sample C foamed during electrolysis and had to have ether dropped upon the solu- 
tion. A current of 1 .8 amperes at 4 to 5 volts was used. 

discussion. 

Method 3 is considered the best by four collaborators; Method 4, by 
two (provided it be accurate) ; and Method 7, by one. As second choice 
we have Methods S, 5,6,1, and the modified 2. 

Allowing a deviation of 20 mg. per kilogram either side of the actual 
amount of tin present gives limit of 180 to 220 mg. of tin per kilogram in 
Sample A, and 247 to 287 mg. in Sample B. A count of the number of 
results falling within these limits on Samples A and B gives the following, 
having a variation of 20 mg. per kilogram: 

Method 1, 15 out of 21, or 72 per cent. 

Method 2, 7 out of 15, or 47 per cent. 

Method 3, 31 out of 33, or 94 per cent. 

Method 3 out of 6, or 50 per cent. 

Method 5, 9 out of 10, or 90 per cent. 

Method 6 , 5 out of 8, or 63 per cent. 

Assuming Method S to have the least variation, the 19 results under 
this method in Sample C were averaged, giving an average of 300 mg. 
per kilogram. As the tin content was greater, a greater variation of 
* 25 mg. was allowed, making the limits 275 and 325 mg. The number 
of results falling within these limits on Sample C was as follows: 

Method 1 , 4 out of 9, or 44 per cent. 

Method 2 , 3 out of 8, or 38 per cent. 

Method 8 , 17 out of 19, or 90 per cent. 



264 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. I, No. 2 


Method 4 , 1 out of 3, or 33 per cent. 

Method 6 , 0 out of 6, or 0 per cent. 

Method 6 , 1 out of 4, or 25 per cent. 

In these tabulations the results obtained by Woodward in Method 1 
(filtering hot) and by Bloomberg in Method 2, revised are not counted. 

These results confirm the opinions of the analysts that Method S is 
the most satisfactory. 

The results by Method 1 were disappointing. With much previous 
work done by others with this method it has been found to check closely 
with the theoretical results. It seems that this method is worthy of 
further trial before condemning it. 

Method 2 in the modified form should also be given further trial. It 
is highly desirable that some accurate gravimetric method be developed 
as the volumetric methods are not convenient in case only a few samples 
have to be examined. 

Method 4 does not recover all of the tin. Until some method or ex- 
traction is devised which will recover all of the tin, it is safest to work 
exclusively upon the acid digestion of the sample. 

Methods 6 and 6 look promising. Not much work has been done with 
them, but if they can be made to give results as consistent as those ob- 
tained by Method 8, they will have a great advantage in speed. 


THE DETERMINATION OF LEAD IN PHOSPHATE AND ALUM 

BAKING POWDERS. 

By A. F. Seeker and H. D. Clayton. 

The determination of lead in phosphate and alum baking powders 
can not be accomplished by a simple colorimetric process such as that 
employed for citric and tartaric acid and cream of tartar (Allen’s Com. 
Org. Anal., 1909, 4th ed., vol. 1, page 589) owing to the fact that upon 
rendering a solution of the baking powder alkaline, a precipitate forms. 
It is well known that lead sulphid is incompletely precipitated from solu- 
tions containing even very moderate amounts of free mineral acid, and 
for this reason gravimetric determinations based upon a precipitation of 
lead sulphid are rendered unavailable unless the concentration of acid 
hydrogen ions can be reduced to a minimum and the phosphates at the 
same time held in solution. After much experimentation a suitable 
agent for this purpose was found in ammonium citrate. When sufficient 
of this salt is present neither calcium nor aluminum phosphate will be 
precipitated from solution even if the mixture is made alkaline. In 
practice, however, owing to the presence of considerable iron in com- 
mercial baking powders, it is found advantageous to have a slight excess 
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of citric acid in the baking powder solution in order to prevent too copious 
precipitation of ferrous sulphid. The method in detail is as follows: 

Treat 20 to 25 grams of the baking powder with about 25 cc. of water adding the 
latter in small portions until effervescence ceases. Then add 20 to 25 cc. of con- 
centrated hydrochloric acid (depending upon the amount of baking powder taken) 
in small portions at a time, and digest on a steam bath until the solution is per- 
fectly clear and limpid, or until a drop of the solution gives no reaction for starch 
with iodin and potassium iodid. Add sufficient solution of lead-free ammonium 
citrate to correspond to 20 to 25 grams of citric acid (the amount taken being exactly 
equivalent to the weight of baking powder employed), 1 and render slightly alkaline 
to litmus with 1 to 1 ammonium hydroxid, adding the latter a little at a time, and 
being careful to keep the solution cool during this operation. Dilute to about 
400 to 500 cc., add 10 cc. of 10 per cent hydrochloric acid, cool to room temperature, 
saturate with hydrogen sulphid, and allow to stand overnight. 2 Filter, using suc- 
tion if necessary, wash the precipitate with hydrogen sulphid water, and finally with 
a little water. Dissolve the precipitate by passing through the filter three 5 cc. por- 
tions of boiling 10 percent hydrochloric acid followed by three 5 cc. portions of boil- 
ing 25 per cent nitric acid, collecting the filtrate in a 100 tol50cc. beaker. Finally 
wash the filter with a little hot water, add 2 cc. of concentrated sulphuric acid to the 
filtrate and washings, and evaporate on a hot plate until fumes of sulphuric acid 
appear. The solution should now be practically colorless but if it is not so add a 
little nitric acid and again evaporate until fumes appear. Cool, add 10 cc. of water, 
warm gently for a short time to dissolve any ferric sulphate that may have separated 
out, cool again, add 20 cc. of alcohol and allow to stand overnight. Filter through 
a Gooch containing asbestos and wash with alcohol. Place the Gooch in a small 
beaker and moisten the contents with a few drops of concentrated ammonium 
hydroxid. Then pour 10 cc. of 50 per cent ammonium acetate solution into the cru- 
cible and allow it to stand for about 15 minutes. Remove the crucible from the 
beaker and carefully wash the bottom and sides with water allowing the washings 
to run into the beaker. By placing the lips over the top of the crucible, blow the 
solution still remaining in the crucible into the beaker; wash the crucible with a 
little water forcing the washings through the asbestos pad in the manner just de- 
scribed. Rinse the bottom of the crucible with a jet of water and fit it into a bell 
jar arranged for filtering by suction. Pass the ammonium acetate solution and 


1 This reagent may be prepared by dissolving 100 grams of citric acid in 100 cc. 
of hot water, cooling, adding a little at a time sufficient ammonium hydroxid to 
leave a slight excess, again cooling, and then saturating with hydrogen sulphid. 
Allow to stand overnight or until the sulphids have settled out, filter, boil the 
filtrate to expel excess of hydrogen sulphid and ammonia, cool, and make up to 200 cc. 
with water. Lead-free citric acid may be used instead of this solution but it has 
the disadvantage of causing a considerable evolution of heat in the subsequent 
neutralization with ammonia, resulting in a precipitation of calcium citrate. 

* In some cases especially when a large amount of calcium phosphate is present 
or when the solution has not been sufficiently diluted a white precipitate of calcium 
citrate will settle out on standing. In such cases decant the supernatant liquid 
through a filter and dissolve the precipitate in a small amount of dilute hydrochloric 
acid, add an excess of ammonium citrate, cool, render slightly alkaline with am- 
monium hydroxid, cool, saturate with hydrogen sulphid, and allow to stand for 5 
to 12 hours. The precipitated sulphids are then filtered off and treated as in the 
regular method. The material remaining on the filter from the liquid first decanted 
has in the meantime been washed with hydrogen sulphid water and dissolved in hot 
hydrochloric and nitric acids, the solution being finally combined with that from 
the second precipitate. 
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washings through the Goooh, filtering twice if neccesary to secure a perfectly clear 
filtrate, and wash thoroughly with a little hot water. Acidify thefiltratewith acetic 
acid, heat nearly to boiling, add an excess of potassium dichromate and allow to 
stand overnight. Filter through a small tared Gooch, wash the precipitated lead 
chromate with cold Water, dry the crucible and contents by heating for 20 to 30 
minutes on a hot plate, cool, and weigh as lead chromate. 


The following nine determinations were made upon a commercial sam- 
ple of phosphate baking powder selected for experimental purposes: 


Determination of lead in a commercial sample of phosphate baking powder. 


grams or sample 

TAKEN 

GRAMS OF LEAD CHROMATE 
OBTAINED 

OftAMS OF LEAD FOUNb 

LEAD CALCULATED TO 
MO. FEB KILO 

25 

0.0008 

0. 00050 

20 

26 

0.0005 

0.00032 

13 

25 

0.0008 

0.00050 

20 

25 

0.0008 

0.00050 

20 

25 

0.0007 

0.00045 

18 

25 

; 0.0009 

0.00060 

23 

25 

0.0008 

0. 00050 

20 

25 

0.0008 

0. 00050 

20 

25 

0.0005 

0 00032 

13 


By adding known amounts of lead to the baking powder the following 
results were obtained: 


GRAMS OF 

E ample taken 

OR AldB OF LEAD 
CHROMATE 
OBTAINED 

GRAMS OF LEAD 
OBTAINED 

GRAMS OF LEAD 
ADDED 

HR AMS OF LEAD 
ORIOINALLY PRESENT 
IN SAMPLE 

PER CENT OF 
LEAD 

RECOT ERED 

20 

0.0017 

0.00110 

0.00088 

0.0004 

86 

20 

0.0024 

0.00154 

0.00132 

0.0004 

90 

20 

0.0034 

0.00220 

0.00176 

0.0004 

102 

20 

0.0050 

0.00320 

0.00270 

0.0004 

103 

20 

0.0049 

0.00310 

0.00270 


100 

25 

0.0076 

0.00490 

0.00440 

0.0005 

100 


A trial of the method upon a mixture composed of equal parts of sodium 
bicarbonate, starch and tricalcic phosphate to which a known amount of 
lead had been added resulted in the recovery of 90 per cent of the lead 
added. 

The method has been in use in the New York Food and Drug Inspec- 
tion Laboratory for almost two years and has been employed upon a 
large number of different samples by three analysts who have been able 
to check their own work and that of each other. 

The association adjourned until Wednesday morning at 9 O’clock. 





















THIRD DAY. 

WEDNESDAY— MORNING SESSION. 


REPORT ON SEPARATION OF NITROGENOUS BODIES 
(MEAT PROTEINS). 

By A. D. Emmett, Referee, 1 

For the continuation of the cooperative study made in 1912, samples of 
desiccated lean beef and high grade beef extract were sent out to the col- 
laborators. The recommendations 2 of the association that pertain to the 
separation of nitrogenous bodies in meat and meat products, include this 
year total nitrogen, insoluble nitrogen, coagulable nitrogen, and creatin 
and creatinin. 


INSTRUCTIONS FOR COOPERATIVE WORK. 

A. TOTAL NITROGEN. 

Recommendations. — (1) That in Bulletin 107, Revised, page 108, 7(a), the follow- 
ing sentence be added to the Kjeldahl method and recognized as provisional: “If 
desired, 5 to 7 grams of potassium sulphate may be added in addition to the mer- 
cury of the Kjeldahl method, and no potassium permanganate be used.” This 
modification should be designated as the Kjeldahl-Gunning-Arnold method. 

Approved for final action as provisional in 1913. 

(2) That the length of time of digestion with the Kjeldahl-Gunning-Arnold 
method be studied further, with a view of ascertaining whether II hours’ digestion 
after clearing up is as complete as when digestion is carried on 4 hours by the Kjeldahl 
or Gunning method. 

Approved for further study. 

a. Meats. 

Methods. — Use 0.4 to 0.5 gram by difference of the sample of desiccated meat and 
proceed as follows, making triplicate determinations in each case: 

(1) Use the official Kjeldahl method (Bulletin 107, Revised, page 108, 7a), that 
is, sulphuric acid, mercury, and potassium permanganate. Digest for at least 4 
hours. 

(2) Use the Gunning method (Bulletin 107, Revised, page 108, 7a), that is, sul- 
phuric acid and potassium sulphate. Digest for at least 4 hours. 

(3) Use the Kjeldahl-Gunning-Arnold method, that is, in addition to the mer- 
cury, add 5 to 7 grams of potassium sulphate. Do not use any potassium perman- 
ganate at the end. Run 3 series in triplicate digesting them II, 21, and 4 hours 
respectively, after the liquid has become clear and reached the final color. 


1 Presented by P. F. Trowbridge. 

2 Bur. Chem. Cir. 108, p. 15. 
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In the case of each of the methods, when the solution has become clear, turn off 
the heat and after cooling 15 minutes carefully wash down the sides of the flask 
with a small quantity of ammonia-free distilled water. From time to time shake 
the flasks in order to rinse down any particles that may be adhering to the sides. 
If desired, the strength of the acid used in titration may be checked against the small 
quantity of standard acid sent out with the samples. 

b. Beef extracts . 

Method. — Weigh off (by difference) in triplicate about 7 grams of the sample of 
beef extract into 150 cc. beakers. Dissolve each in cold (20°C.) ammonia-free 
water. Transfer the solutions carefully to 250 cc. measuring flasks. Dilute each 
to the mark and mix thoroughly. Measure off from each flask for the total nitrogen 
determination 25 cc. in duplicate and proceed exactly as outlined under “Total 
Nitrogen (a).” Mix the sample thoroughly before each measuring. 

Save the remainder of the solutions for the subsequent creatin and crcatinin 
determinations d b and Dr. 


B. INSOLUBLE PROTEIN. 

Recommendations (for meats only) . — That in Bulletin 107, Revised, page 108, 7, 
(b), the following method be studied during the coming year with the idea of its being 
made optional for determining insoluble protein: Exhaust 7 to 25 grams of the 
sample (depending upon its moisture content) with 330 cc. of cold (15°C.) distilled 
water by making 11 successive extractions, 4 of 50 cc., 4 of 25 cc., and 3 of 10 cc., 
each. Make the extract up to 500 cc. and determine total soluble nitrogen in 50 cc. 
Deduct percentage of soluble nitrogen from the total and multiply difference by 
6.25 for insoluble protein. 

Approved for final action in 1913. 

Methods. — Provisional method. — Determine the insoluble protein nitrogen ac- 
cording to the provisional method (Bulletin 107, Revised, page 108, 7 (b)) . Thor- 
oughly exhaust 2 grams of the sample with cold water after extraction with ether, 
filter, and determine nitrogen in the insoluble residue as directed under a. total 
nitrogen. Multiply the percentage of nitrogen so obtained by 6.25 for the percentage 
of meat fiber or insoluble proteids. 

Use 0.6 to 0.7 gram in triplicate of the desiccated sample of meat. Determine the 
total nitrogen in the insoluble residue according to the Kjeldahl-Gunning-Arnold 
method, a a (3). Subtract the value from the corresponding total nitrogen found 
above. Reserve the filtrate or the water extract for the determination by the 
Proposed optional method under c. 

Proposed optional method. — Prepare a water extract of the sample of meat ac- 
cording to the following plan: Weigh off (by difference) 3 lots of about 7 grams 
each of the desiccated meat into 150 cc. beakers; add 5 to 10 cc. of cold (15°C.) am- 
monia-free distilled water to each ; stir and make a homogeneous paste ; add to each 
beaker 50 cc. of the distilled water; stir every 3 minutes for 15 minutes and let the 
mixture stand for 2 to 3 minutes. Decant the liquid upon quantitative filters having 
one for each beaker. Collect the filtrates in 500 cc. measuring flasks; drain the 
beakers, pressing out the liquid from the meat residue with the aid of a glass rod. 
Add to the residues in the beakers 50 cc. of the cold water, stir for 5 minutes and 
after standing 2 to 3 minutes decant as before. In case a considerable portion of the 
meat is carried over into the filters, transfer it back with the aid of a glass rod. 
Repeat the extraction as above, using the following additional amounts of cold water 
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each time : 50, 50, 25, 25, 25, and 25 cc. After the last extraction transfer the entire 
insoluble portion to the filters and wash three times with about 10 cc. of water. 
After each extraction allow each extract to drain thoroughly before pouring the next 
one on the filter. Dilute each of the 3 extracts up to the mark. Take 50 cc. in 
duplicate from each extract and make the total nitrogen determinations on each 
by the Kjeldahl-Gunning- Arnold method. Subtract this value from the corre- 
sponding total nitrogen determination on the meat to obtain the insoluble nitrogen. 

C. COAGULABLE PROTEIN. 

Recommendation. — That in connection with recommendation under b (page 268) a 
comparative study be made of the method as given in Bulletin 107, Revised, page 
108,7 (d) with the following method: Evaporate 150 cc. of filtrate from b to 
about 40 cc. and nearly neutralize to litmus (paper), having it faintly acid. Heat 
on steam bath 5 minutes. Filter, wash, transfer paper and contents to flask, and 
determine nitrogen as “ total nitrogen.” In both methods use the same volume of 
the filtrate from B and bring to same neutrality. 

Approved. 

Omit the last sentence in the above recommendation. 

Methods. — Provisional method. — Determine the coagulable nitrogen in triplicate 
in the filtrates from b. Provisional method according to the method given in Bulle- 
tin 107, Revised, page 108, 7 (d) : Almost neutralize the filtrate from the insoluble 
protein, leaving it still faintly acid, boil until the coagulable proteins separate, 
filter, wash, transfer the filter paper and contents to a Kjeldahl flask, and deter- 
mine nitrogen as directed under total nitrogen. Multiply the percentage of ni- 
trogen obtained by 6.25 to obtain the percentage of coagulable protein. 

Use the Kjeldahl -Gunning-Arnold method for nitrogen. 

Proposed optional method. — Determine the coagulable nitrogen in triplicate in 
the extracts from#. Proposed optional method as follows: Take 150 cc. in duplicate 
from each of the 3 extracts. Transfer to 250 cc. Jena beakers; stir occasionally; 
evaporate on the steam bath to about 40 cc. ; when down to this volume, if not already 
neutral or faintly acid to litmus (paper), add cautiously twentieth-normal sodium 
hydroxid and heat for 5 minutes. The coagulum should separate out at once leaving 
a clear liquid. Filter on quantitative paper, using if possible 589 S. and S. “Blue 
Ribbon.” Wash the beakers thoroughly with hot water four times, taking special 
care to clean the sides of the beakers. Finally wash the coagulum on the filter 
three times. Transfer the coagulum with paper to nitrogen flasks and then remove 
any of the material adhering to the beakers with concentrated sulphuric acid, 
taking the usual 25 cc. of acid in 5 cc. portions for the purpose. Heat the acid in the 
beakers on a hot plate and with a glass rod see that every particle of the coagulum 
comes in contact with the hot acid. Transfer to the flask and cautiously use hot water 
to assist the complete transfer of the coagulated protein. Add the mercury and 
gently heat the flask on the nitrogen digester until the water is driven off and froth- 
ing ceases. Proceed as in the Kjeldahl-Gunning-Arnold method for nitrogen. Re- 
serve the filtrate for d6, creatin. 

d. creatin and creatinin. 

Recommendation.— That further study be made of the method for determining 
creatin and creatinin in meat and beef extract, with the idea of referring it to the 
association for final action in 1913. 

Approved for final action in 1913. 
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The use of Folin’s method 1 * with some of the modifications 3 * * that have been tug* 
gested from time to time is recommended. 

a. Standard creatin solution. 

Use in triplicate 25 cc. of the solution of creatin sent out with the samples; trans- 
fer to a 50 cc. measuring flask; add 10 cc. of twice-normal hydrochloric acid and 
mix. Hydrolyze in an autoclave at 117° to 120 6 C. for 20 minutes; allow the flask 
to cool somewhat, remove, and chill under running water. Partially neutralize the 
excess of acid with sodium hydroxid free from carbonates, by adding 7.5 cc. of the 
10 per cent alkali; dilute to the mark and mix. Use 20 cc. to make a preliminary 
reading to ascertain what volume to use to get a reading of approximately 8 mm., and 
transfer it to a graduated 500 cc. flask. Add 10 cc. of 10 per cent sodium hydroxid 
and 30 cc. of saturated (1.2 per cent) picric acid. Mix and rotate for 30 seconds 
and let stand exactly 4| minutes. Dilute to the mark at once with distilled water. 
Shake thoroughly and read in the Duboscq colorimeter, 3 comparing the color with the 
half-normal potassium bichromate solution, set at 8 mm. If the reading is too high 
or too low calculate the quantity to use to obtain a reading of about 8 mm. 

It is desirable that the strength of the bichromate solution used be checked 
against the standard solution sent with the samples. To obtain the values divide 
81 by the reading and multiply by the volume factor to get milligrams of creatinin. 
This value multiplied by 1.16 gives creatin which divided by weight of sample times 
MX) gives percentage of creatin. 


b. Meats. 

Determine the creatin only in the meat. Evaporate filtrates and washings from 
the heat coagulable nitrogen c. Proposed optional method to about 5 to 10 cc. Then 
transfer with the least possible amount of hot water to a 50 cc. measuring flask. 
Keep the volume below 30 cc. Add 10 cc. of twice-normal hydrochloric acid, mix, 
and proceed exactly as described under do. 

c. Bee} extracts. 

Creatinin. — Transfer about 5 cc. of the thoroughly-mixed solution prepared for 
a.6 to 500 cc. measuring flasks. Add 10 cc. of the 10 per cent sodium hydroxid so- 
lution and 30 cc. of the saturated picric acid solution; mix and rotate for 30 seconds; 
let stand exactly 4£ minutes, then dilute to the mark at once with distilled water. 
Shake thoroughly and read the depth of color after standing. If the reading is 
less than 7 or over 9.5, repeat, calculating the quantity of solution to use to get a 
reading of about 8 mm. Report results as per cent of creatinin. 

Creatin . — Transfer 20 cc. of each of the solutions made for a b to 50 cc. meas- 
uring flasks and proceed as outlined for creatin under Da. Subtract from the 
combined creatinin value the equivalent of the preformed creatinin and multiply 
the difference by 1.16 to convert into creatin. Report results as percentage of 
creatin. 


1 Zts. physiol . Chem., 1904, v. 41. 

* Benedict and Myers, Amer. J. Physiol., 1907, 18: 406; Emmett and Grindley, /. 

Biol . Chem ., 1907, 3: 491 ; Cook, F. C., J, Amer , Chem . Soc. % 1909, 81: 673; Bur. Chem. 

Bui. 132, pp. 154r-158. 

1 The use of Kober’s shade and the painting of the plungers, as he suggested for 

the nephelometer assist in getting a sharper end point and relieve the eye strain. 
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RESULTS OF COOPERATIVE WORK. 
TABLE 1. 


Determination of total nitrogen in meat and beef extract. 
(Results expressed in per cent.) 




DESICCATED MEATS 



BEEF EXTRACT 


KSKl \ f>T 

KH- 

dahl 

4 hrs. 

Gun- 

ning 

4 hrs. 

Kjeldahl-Gunning- 

Arnold 

Kjcl- 

dahl 

4 hrs 

Gun- 

ning 

4 hrs. 

K Jeldahl-Gu nni ng- 
Arnold 


H hrs. 

2* hrs. 

4 hrs. 

1^ hrs. 

2| hrs. 

4 hrs 

C. R. Moulton, 

12 31 

12 18 

12 32 

12 42 

12.39 

J 8 54 

8 83 

8 95 

9.04 


University of 

12 31 

12 15 

12 47 

12 31 

12.44 

8 89 

8 87 

8.91 

8.87 


Missouri, Co- 
lumbia, Mo. 

12 25 

12.31 

12 46 

12.33 

12 44 

8 80 

*8 55 


8.93 

.... 

T. C. Trescot, 

12 86 

12 74 

12.91 

12 91 

12.86 

9 11 

9 12 

9.18 

9.18 

9.18 

Bureau of 
Ohemi s t r y , 
Washington, 

D. C. 

12 86 

12.74 
12 74 

12 86 
12 91 

12 91 
12 86 

12 91 

9.22 

9 22 

9.10 

9 14 

9.22 

9.27 

9.27 

9 27 

9 27 
9.22 

Paul Rudnick 

13 06 

13 21 

13 12 

13 21 

13.14 

8 98 

8 96 

8 98 

9 06 

9 11 

and 0. W. 

13 03 

13 06 

13 14 

13 13 

13 13 

8 95 

8 79 

8 99 

8 99 

8 99 

Trainor, Ar- 
mour and Co., 
Chicago, 111. 






9 04 

9 04 

9 00 

9 00 

9.00 

W. B. Smith, 

12 48 

12 31 

12 54 

12 51 

12 60 

( f ) 

(*) 

( 2 ) 

( 2 ) 

(*) 

Bureau of 
Animal In- 
dustry, Kan- 
sas City, Mo. 

12 35 

12 12 

12 53 


12 49 


A. D. Emmett 

12 79 

12 78 

12 71 

12 75 

12 73 

8 95 

8.80 

8.91 

8.95 

8 90 

and B. S. Da- 

12 78 

12 71 

12 76 

12 67 

12 72 

8 93 

8.80 

8 92 

8 90 

8.95 

visson, Uni- 
versity of 11- 
1 i n o i s, U r- 
bana, 111. 

M2 86 

12 76 

12 76 

12 67 

12 74 

8 96 

8 79 

8 95 

8 89 

8 92 


Summary — Average of results of the triplicate determinations — 1913. 


Moulton 

12 29 

12 21 

12 42 

12 35 

12 42 

8 

8 85 

8 93 

8 95 


Trescot 

Rudnick and 

12 86 

12.74 

12 89 

12 89 

12 88 

9 18 

9 12 

9 22 

9.24 

9 22 

Trainor . . . 

13 05 

13 14 

13.13 

13 17 

13 14 

8.99 

8.93 

8 99 

9 02 

9.03 

Smith 

Emmett and 

12.42 

12 22 

12 54 

12 51 

12 55 

8.73 

8.82 

8 87 

8 85 

8 82 

Davisson . . 

12 79 

12.75 

12.74 

12.70 

12.73 

8.95 

8.80 

8 93 

8 91 

8.92 

Grand Average 

12 69 

12.61 

12 74 

12.72 

12.74 

8 94 

8.91 

8 99 

8.99 

8.99 


Summary of results reported in 1912. 


Moulton ... 

13 36 


13.19 


13.25 

BBSS 



9 32 

9 37 

Emmett and 











Davisson ... . 

13 22 


13 32 

13 23 

13.35 

9 23 


9.30 

msm 

9.36 

Rudnick and 











Trainor ... . 






9 43 


9.49 

1221 

1*21 

Grand Average 

13.29 


13.25 

13.26 

13 30 



9.38 

9.39 

9.42 

Grand Average 











for 1912-1913. 

12.85 


12.89 

12.88 

12.90 

9 08 


9.13 

9.14 

9.18 


1 Omitted from average. 8 Reported only the average results. 
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COMPARISON OF METHODS FOR DETERMINING TOTAL NITROGEN. 

Table 1 gives the data for the total nitrogen in the desiccated meat 
and in the beef extract, including the triplicate determinations made by 
each analyst. According to the summary of the data, the Kjeldahl- 
Gunning-Amold method gave as good results as either the Kjeldahl or the 
Gunning method. The length of the time of digestion for the Kjeldahl- 
Gunning-Arnold method had little or no influence, that is, the percent- 
age values were as high for the 1 \ hour digestion, after clearing up, as for 
the 4-hour period. In fact, taking the average of the data for all the 
analysts for this year’s (1913) report, the values for the meat were slightly 
higher for the Kjeldahl-Gunning-Arnold method than for the other two 
methods, being for the l£ hour period, 12.74 per cent, for the 2| hour 
period, 12.72 per cent, and for the 4-hour period, 12.74 per cent, and by 
the Kjeldahl and Gunning methods 12.69 and 12.61 per cent respectively. 
The average data for the beef extract show the same relative difference 
between the methods. 

Referring to the data for last year's (1912) report, in Table 1 it will be 
seen that they confirm the above findings and thus furnish further evi- 
dence that the Kjeldahl-Gunning-Arnold method gives very satisfac- 
tory results when compared with the Kjeldahl and Gunning methods. 

It is evident that the data from the different laboratories do not agree 
very well. This is due in the main to the variation in the strength of the 
standard acid used in the titration. In the case of Rudnick and Trainor 
through a mistake they failed to make their determinations upon the 
sample of meat that was sent out to the other collaborators, and the re- 
sults that they reported for meat were obtained upon another sample. 

COMMENTS BY ANALYSTS. 

Question. — In the case of the Kjeldahl-Gunning-Arnold method, do you think 
there is any advantage in digesting for a longer time than 1£ hours after the digestion 
has become clear in the case of either the meats or the beef extract? 

Mr. Moulton: No advantage at all. 

Mr. Rudnick: No, although for routine work, we prefer to require not less than 
2 hours after digestion has come to final color, not because this is necessary in all 
cases, but because it is sure to cover the exceptional cases in general nitrogen work. 

Mr. Smith: No. 

Mr. Emmett: On account of the differences of opinion regarding the meaning of 
the phrase “ digestion clearing up,” it would be safer to continue the boiling for 2 
hours after this point has been reached. 

Mr. Trescot: One and one-half hours after clearing is enough. In the Gunning 
and Kjeldahl methods, it Bhould be 4 hourB. 

(May 13, 1913) I have lately made a great many determinations of many dif- 
ferent samples, checking the Kjeldahl-Gunning-Arnold method up against the 
official Gunning method, and find that it gives better results and in one-half the 
time. In this laboratory, the Kjeldahl-Gunning-Arnold method has been used for 
several years in preference to official Kjeldahl method. It is shorter and on the 
whole gives more concordant results. 
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TABLE 2. 

Comparison of the provisional and proposed method for determining water-soluble, 
water-insoluble and heat coagulable nitrogen in meats . 

(Results expressed in per cent.) 


ANALYSTS 

PROVISIONAL 
METHOD— BA 

PROPOSED METHOD — BB 

Total 

soluble 1 

In- 

soluble 

Coagu- 

lable 

Total 

soluble 

In- 

soluble 1 

Coagu- 

lable 

Moulton 

1.84 

10.51 

Lost 

1 62 

10 73 

0.24 


2 08 

10 27 

0 12 

1 59 

10 76 

0.26 


1 65 

10.70 

0 12 

1 55 

10 80 

2 0.34 

Cook 

2 36 

10 53 

Lost 

1 96 

10 93 

0 45 


2 49 

10 40 

Lost 

1.88 

! 11.01 

0 45 


2 29 

10 60 

Lost 

1 76 

11 13 

0.40 

Rudnick and Trainor 

2 24 

10 93 

Lost 

2 11 

11 06 

0 62 


2 53 

10 64 

0 54 

2 14 

11.03 

0.62 


1 92 

11 25 

Lost 

2 06 

11 11 

0.60 

Smith ... 

1 80 

10 74 

Lost 

1 72 

10 82 

0.23 


1.51 

11.03 

Lost 

1 71 

10 83 

0 25 





1 69 

10 85 

0 28 

Emmett and Davisson 

1.90 

10 80 

6 48 

2 03 

10 67 

0.56 


1 89 

10 81 

0 45 

2 04 

10 66 

0.59 


1 90 

10 80 

0 41 

2 00 

10 70 

0 55 


Summary — Average of triplicate determinations . 


Moulton 

1 86 

10 49 

0.12 

1 

60 

10 76 

0.25 

Cook. . 

2 38 

10 51 

Lost 

1 

87 

11 02 

0.43 

Rudnick and Trainor 

2.23 

10 94 

0 54 

o 

10 

11 07 

0.61 

Smith 

1 65 

10 88 

Lost 

1 

70 

10 83 

0.24 

Emmett and Davisson .... 

1 90 

10 80 

0 45 

2 02 

10 68 

0.57 

Average 

2.01 

10.72 

0 37 

1 

86 

10 87 

0.48 


1 Determined by difference. * Omitted from average. 


In this table, it will be noted that the insoluble nitrogen was obtained 
directly in the provisional method and by difference in the proposed 
method. In making the study of the data it should be borne in mind 
that the triplicate determinations for both methods represent separate 
extractions. 

Considering the results for the total water-soluble nitrogen, the trip- 
licates show less variation by the proposed method than by the pro- 
visional one. This is due in part at least to the fact that the soluble 
nitrogen was obtained by difference in the latter case, and since the per- 
centage of insoluble nitrogen is considerably greater than the soluble form, 
a permissible difference between triplicates in the former case might pro- 
duce a very pronounced error in the latter case. For example, consider- 
ing Mr. Moulton's data, the maximum and minimum percentages of in- 
soluble nitrogen by the provisional method were 10.70 and 10.27 per cent 
respectively, a difference of 0.43 per cent, or in per cent of the average 
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of these two values, 4.1 per cent. Expressing this same difference, 0.43 
per cent, in per cent of the corresponding average value of the soluble 
nitrogen, it amounts to 23.1 per cent. 

From the summary of the data for insoluble nitrogen it is seen that the 
range between extreme values is greater for the provisional method than 
for the proposed one. The grand average shows that there is very little 
difference between the two methods. In some cases the analysts obtained 
higher results for the insoluble nitrogen by the proposed method while in 
others they obtained practically the same values. It would seem, there- 
fore, that the use of the proposed method for determining insoluble nitro- 
gen is more satisfactory than the present one, since it gives more accurate 
results for the soluble nitrogen and no less accurate results for the insol- 
uble form. There is also another possible advantage in this method, 
namely, that it eliminates the ether extraction of the samples previous to 
making the water extract. This step, however, may be necessary in the 
case of very fat meats. 

The data for the coagulable nitrogen are too few in the case of the pro- 
visional method. The summary of the results suggests that the values 
were higher for the proposed method. It is evident that there was a wide 
difference between the results of the different analysts, but one method 
seems to have no advantage over the other in this respect. 

COMMENTS BY ANALYSTS. 

Question. — In the forms of water-soluble nitrogen in meat, how did the work 
proceed with both methods? Did you have any special difficulty with the water 
extraction, the separation of the coagulable nitrogen, or the determination of 
creatin? 

Mr. Moulton: The manipulation was very easy in all cases. Extracting with 
ether, of course, took time. 

Mr. Cook: The insoluble nitrogen was determined more quickly by the pro- 
visional method, due to the use of a smaller sample, I think. I was surprised to get 
more soluble nitrogen by this method than by the proposed one. In the proposed 
method any error in the nitrogen determination is multiplied ten times. 

Mr. Rudnick: The proposed optional method is easier of manipulation because 
of the omission of the ether extraction. 

Mr. Smith: The new method is more uniform in its general action. 

Mr. Emmett: Since the data for the soluble nitrogen are as valuable as those for 
the insoluble form, and since the former results are always much smaller than the 
latter, the proposed method is the better one. With it, the soluble nitrogen is de- 
termined directly and thus the errors fall upon the insoluble nitrogen if determined 
indirectly. Further, the proposed method gives sufficient solution for determining 
the coagulable nitrogen and the creatin. 

DETERMINATION OP CREATIN AND CREATININ IN MEAT AND BEEP EXTRACT 

BY FOLIN'S METHOD. 

The object of this part of the codperative work was to study the ap- 
plicability of Folin’s method of determining creatin and creatinin to meat 
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and meat products. There is no doubt but that this is the best method 
available at the present time for determining these two constituents in 
meats. Whether the method will give concordant results upon the same 
samples of meat by different chemists has not yet been answered. 

For this year's cooperative work upon the subject, the following were 
sent to each of the chemists: (a) solution of standard creatin, made from 
Kahlbaum's best product; (b) solution of standard potassium dichromate; 
(c) sample of desiccated meat and (d) two samples of beef extract. 

TABLE 3. 


Creatin and creatinin in 7neal and beef extract. 
(Results expressed in per cent.) 


ANALYST 

CREATIN IN DESIC- 
CATED MEAT 

BEEF 

EXTRACT A 

BEEF 

EXTRACT B 

CREATIN IN 25 CC 
OF STANDARD 

DICHBOMATE 

READINO 

Crea- 

tin 

Crea- 

tinin 

Crea- 

tin 

Crea- 

tinin 


per cent 


per cent 

per cent 

per cent 

mq. 

mm. 

Moulton 

1 51 

1 85 

5 95 

1 48 

4 93 

21 0 

(•) 


1 54 

] 2 31 

5.87 

1 79 

5 20 

23 4 



1 51 

1 96 

5 91 

Ulil 

4 99 

22 6 


Cook 

1.44 

1 26 

4 78 


• 

19 8 

7 8 


1 40 

1 33 

4 93 



19 8 

8 1 


1 55 

1 40 

4 94 



20 2 

8 0 

Rudnick and Trainor. . 

1 66 

1 80 


■MiX 

6 64 

21 3 

7 8 

1 

1 80 

1 76 

6 65 

1 93 


19.5 

8.0 


1 87 

1 88 

6.62 

1 91 


19.4 

7.9 

Smith 

1 53 

1 22 

5 56 



21 9 

8.0 


1 59 

1 17 

5.50 



22.5 



1.55 

1 19 

5.65 



l 23.3 


Emmett and Davisson . . 

1.72 

0 64 

6 58 

1 is 

5 66 

21.7 

8 6 


1.66 

0.70 

6 64 


5.69 

21.4 

8 0 


1.59 

Lost 

liWIil 


5.76 

21.1 

7 9 

V. C. Myers and M. S. Fine, Post- 

1 68 

Wmm 

6 35 

1 40 

5 97 

22 4 

8 0 

Grad. Med, School, New York, 

1 68 

umi 


1.23 

5 95 

22 4 


N* Y. 

1 68 



1 33 

6 01 




Summary — Average of triplicate determinations. 


Moulton 

1 51 

1.91 

5 91 

1.46 

5.04 

22 3 

( ! > 

Cook 

1 46 

1 33 

4.88 

1.23 

5 44 

19 9 

7.9 

Rudnick and Trainor 

1.78 

1 81 

6 63 

1.91 

6 60 

20 1 

7.9 

Smith 

1.36 

1.19 

5.57 



22 2 

8 0 

Emmett and Davisson 

1.66 

0 67 

6.61 

i i9 

5 70 

21.4 

8 0 

Myers and Fine 

1.68 

0 70 

6 34 

1 32 

5.98 

21 9 

8 0 

Grand Average 

1 57 

1 27 

5 99 

1 40 

5 75 

21 3 

8.0 


1 Omitted from average. * Used standard sent out. 


The triplicate results of each chemist, as a rule, agree very well for the 
three samples. The summary of the data indicate that there were very 
marked differences between the laboratories. These may have been due 
to faulty technic or to possible errors in sampling the products. 
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TABLE 4. 


Percentage deviation from the arithmetic mean . 


ANALYST 

CREATIN IN 
DESICCATED 
MEAT 

■ 

BEEF EXTRACT A 

BEEF EXTRACT B 

CREATIN 

IN 25 CO. OF 
STANDARD 

Creatin i 

Creatinin 

Creatin 

Creatinin 


per cent 

per cent 

per cent 

percent 

percent 

per cent 

Moulton 

3.8 

50.4 

1.3 

4.3 

3.6 

4.6 

Cook 

7.0 

4.7 

18.5 

12.1 

5.4 

6.6 

Rudnick 

13.5 

42.4 

10.7 

36.1 

14.8 

5.6 

Smith 

13.5 

6.3 

7.1 


• • * 

4.2 

Emmett and Davisson. . . 

5 7 

47.2 

10.4 

i 5.0 

0.9 

0.4 

Myers and Fine 

7.0 

44.9 

5.8 

5.7 

4.0 

2.8 

Average 

8.4 

32.6 

8.9 

14.6 

5.7 

4.0 


That this difference in these data is not due entirely to the sampling 
is evident from the results reported upon the standard creatin solution. 
Here there seems to be great variation, ranging from 19.9 to 22.3 per cent 
and averaging 21.3 per cent. Calculating the percentage deviation from 
the arithmetic mean for these data, Table 4 last column, it varied from 0.4 
to 6.5 per cent averaging 4.0 per cent. In other words from these lim- 
ited data representing the results from six different laboratories it appears 
that the errors in the Folin method for determining creatin in a standard 
solution averages about 4 per cent. 

In order to obtain information regarding the possibility of the samples 
not being thoroughly representative, Beef extract B was sent out about 
2§ months after the other samples had been forwarded. The necessity 
of asking for this further cooperative work became evident as soon as the 
results for the meat and the Beef extract A were reported. 

In the case of Beef extract A, the directions did not specify that it 
should be mixed just previous to weighing the portion for analysis. With 
Beef extract B, the analysts were requested to mix it very thoroughly. 
This was done by first warming the extract slightly, and then stirring. 
It should also be stated that Beef extract B was taken from the same 
lot of beef extract as Beef extract A. The lot was warmed and very 
carefully mixed in both cases before sampling. 

In comparing the corresponding data (Table 3) for these two samples 
of beef extract, it is seen that the results for Beef extract B show less 
variation between the different laboratories than do those of Beef extract 
A. This fact is brought out more clearly in Table 4 which gives the per- 
centage deviation from the mean. The average values are: For creatin 
32.6 and 14.6 per cent respectively for A and B, and for creatinin 8.9 
and 5.7 per cent respectively. The latter value for creatinin is not far 
from that found for the standard creatin solution. 
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These data are significant and indicate that the portions that were 
weighed for analysis from Beef extract B were more representative than 
were those from Beef extract A. It would seem, therefore, that the varia- 
tions in the data for A were due in part to a physical change in the sample 
after it was sent out, that is, crystalline bodies may have separated out 
to a greater or less extent. Here again it is evident that more data would 
assist greatly in arriving at a more definite conclusion as to the per cent 
of errors in the Folin method for determining creatin and creatinin in beef 
extracts. 

The data for the creatin in the desiccated meat show less variation 
than in the beef extract. The sample of meat was naturally easier to 
mix, and being dried there was no possibility of having any such changes 
take place as might occur in beef extract. Even these data, however, do 
not agree as closely as one might expect. The minimum per cent of cre- 
atin was 1.36 and the maximum was 1.78, giving an average of 1.57 per 
cent for all the data. The percentage deviation varied from 3.8 to 13.5, 
averaging 8.4. 

These results vary about as much as those that were reported last year, 
as the following data upon desiccated meat show : 

Percentage of Percentage 


Analyst creatin demotion 

Moulton 1.80 4.6 

Cook 1.88 9.3 

Rudnick and Trainor 1.50 7.0 

Emmett and Davisson 1.69 1.7 

Average 1.72 5 6 


The average of the results for the two years’ work, which represents 
the analysis of the distinct samples and the average of ten reports made 
in triplicate, gives a percentage deviation of 7.3. Allowing an average 
error of 4 to 5 for the standard creatin solution, the method seems to give 
fairly good results for creatin in meats. 

From the above discussion upon the application of Folin’s method for 
determining creatin and creatinin in meat products, it would seem that 
this method is fairly accurate for creatin in meats and for creatinin in beef 
extracts. While for creatin in beef extract, there is apparently a possi- 
bility for much variation. This variation may be due to several factors 
other than those mentioned, as temperature and the ability of the analysts 
to match the characteristic colors to the same degree. The data for the 
standard dichromate solution show a remarkable agreement, however, 
and indicate that it was possible to match this orange tint at 8 mm. on the 
scale without any apparent difficulty. 

COMMENTS BY ANALYSTS. 

Mr. Myers: In our opinion the sources of error in the estimation of creatinin or 
creatin by the Folin method ought not to amount to over 5 per cent under ordinary 
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conditions. When conditions are carefully controlled, it should be as low as 1 per 
cent. Much must depend, however, upon the ability of the individual to match the 
colors. 

Mr. Rudnick: I am inclined to think that the most frequent source of difficulties 
in this work is the reading of the colors. I have seen but very few operators whose 
eyes were very sensitive to differences in orange no matter how sensitive they might 
be to red or yellow. Furthermore, the eye seems to tire very much more rapidly 
towards orange than toward other oolors, so that an attempt to make a number of 
readings would, in my opinion, doubtless result in a gradual decrease of sensitive- 
ness of the eye of the observer during the work, so that the last reading might be 
expected to be far less reliable than the first. I do not think that this is the only 
explanation for the great variation in results, but I feel that it is one deserving 
careful consideration. 

RECOMMENDATIONS. 

It would seem to the referee from the cooperative work that has been 
done during the past two years upon the points involved in this report, 
that the following recommendations should be made: 

I. Meats and beef extracts. 

(1) That the Kjeldahl-Gunning-Amold method for determining total 
nitrogen in meat and beef extract should become official. 

(2) That in Bulletin 107, Revised, page 108, 7a, Kjeldahl-Gunning- 
Amold be inserted after the word Gunning, making the sentence read: 
“Employ either the Kjeldahl, the Gunning, or the Kjeldahl-Gunning- 
Amold method. The digestion with sulphuric acid should be continued 
for at least 4 hours with the first two methods, and for 2 hours after the 
digestion has become clear with the last method.” 

(3) That the following description of the Kjeldahl-Gunning-Amold 
method be given in an appropriate place in Bulletin 107, Revised: In ad- 
dition to the mercury and sulphuric acid of the Kjeldahl method add 5 
to 7 grams of potassium sulphate. Digest as usual, but do not add any 
potassium permanganate at the end. Continue the digestion for 2 hours 
after the liquid has become clear or 1$ hours after the digest has reached 
the final color. 

II. Nitrogenous bodies in meats and meat 'products. 

(1) That in Bulletin 107, Revised, page 108 (b), the following method 
for determining insoluble and soluble protein in meat be made optional: 
Exhaust 7 to 25 grams of the sample (depending upon the moisture con- 
tent) with 330 cc. of cold (15°C.) distilled water. Make 11 successive 
extractions — 4 of 50 cc., 4 of 25 cc. and 3 of 10 cc. each. Dilute the en- 
tire extract to 500 cc. and determine the nitrogen in 50 cc. Deduct the 
percentage of nitrogen found from the percentage of total nitrogen in the 
sample and multiply the difference by 6.25 to obtain insoluble protein. 
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(2) That in Bulletin 107, Revised, page 108,7 (d), the proposed method 
for determining the coagulable protein in meats be made optional. For 
description of method see page 269. 

(3) That the Folin method for estimating creatin and creatinin in meat 
and beef extract be made official, the method as originally published by 
Folin being modified as given under Section d, page 269 of this report. 

THE ESTIMATION OF GLYCERIN IN MEAT JUICES AND 

EXTRACTS. 

By F. C. Cook . 1 2 

Fluid preparations of meat frequently contain added glycerin, cane 
sugar, alcohol, and foreign protein. The need for a quantitative method 
for the determination of glycerin in both semi-solid and fluid meat extracts 
and juices has led to much experimental work by the writer. A study of 
various solvents for the extraction of glycerin was begun at the sugges- 
tion of W ; . D. Bigelow several years ago and a preliminary report of the 
use of acetone and anhydrous copper sulphate in determining glycerin 
in meat extracts is given on page 42 of Bulletin 1 14 of the Bureau of Chem- 
istry. At various times since then, as opportunity arose, the investiga- 
tion has been continued. For the determination of glycerin in most sub- 
stances, the acetin and the dichromate methods are the two most satis- 
factory processes available. While the writer was working with the 
acetone extraction method, the work of Shukoff and SchcstakofP appeared. 
These authors applied an acetone extraction method to such products as 
crude glycerins, soaps, and oil residue. The glycerin was extracted with 
anhydrous acetone in a Soxhlet apparatus after mixing the mass with 
anhydrous sulphate. The acetone was removed and the residue from the 
acetone extract weighed after drying to constant weight at 78° to 80°C. 
for 4 to 5 hours. The authors gave some very satisfactory results com- 
paring this process with that of Hehner. 

Benzene, chloroform, alcohol, gasoline, carbon tctrachlorid, and ether 
were all tried as glycerin solvents. Pure glycerin was found to be but 
slightly soluble in chloroform, benzene, and ether, and soluble in alcohol 
and acetone. The latter appeared to answer the requirements and was 
selected as the solvent. The details of the following method were worked 
out by adding known amounts of glycerin to meat and yeast preparations 
and recovering the glycerin. 

Acetone extraction method. — Weigh approximately 2 grains of a solid or 5 grams 
of a liquid meat preparation in a small lead dish containing 20 grams of ignited 

1 Submitted too late to be presented at the meeting. 

2 Zts. angew. Chcm., 1905, 18 : 294. 
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sand. Transfer the lead dish and its contents to a mortar containing more ignited 
sand and several grams of anhydrous sodium sulphate and mix thoroughly. Trans- 
fer the lead dish and the sand to a Soxhlet apparatus which has a piece of cotton 
placed in the side arm to prevent the siphoning over of sand, etc. Extract the 
entire mass with redistilled anhydrous acetone for 10 hours; distill the acetone, 
carefully removing the last trace by means of a vacuum pump; take up the glycerin 
in water, add a little silver nitrate, make to 100 cc. volume, let stand overnight, 
filter, and oxidize a portion of the filtrate according to the dichromate method of 
Hehner. 

Test of the acetone method.— To test the accuracy of the acetone method, samples 
of meat and yeast extracts and fluid meat preparations of known glycerin content 
were examined. When a dilute meat preparation to which no glycerin was added, 
was tested by this method, a blank of practically zero was obtained. To these 
extracts known amounts of glycerin, determined by titration with dichromate ac- 
cording to the Hehner process, were added. With solid meat and yeast extracts a 
blank of 0.5 to 1.0 per cent was obtained in most cases. 

The results in the table show that from 92 to 100 per cent of the added 
glycerin was recovered. There is a tendency for the results by this 
method to be low, the last traces of glycerin being extracted with difficulty. 
From 5 to 10 grams of fluid extracts of meat were used, the amounts of 
glycerin present and recovered per 100 cc. being indicated. 


Results of glycerin determinations in meat 
; preparations . 


GLYCERIN PREBENT 

IN 100 CC. 

GLYCERIN FOUND 

IN 100 CC. 

GLYCERIN 

RECOVERED 

gram 

gram 

per cent 


0.270 

92.15 


0.279 

95.22 

0.971 

0.920 

94.70 

0.971 

0.940 

96.80 

0.252 

0.244 


0.583 

0.583 


0.583 

0.583 



Acetone extracts a little nitrogen, which is probably all amino nitrogen, 
and the silver precipitates part of it. Phosphotungstic acid was used 
following the silver treatment, but the results were not satisfactory. 
This method has also been applied to the estimation of glycerin in inking 
pads with some success, no thorough study of its application to these 
products having been made. The important point is to make a solution 
of the inking pad or other substance tested, taking an aliquot and thor- 
oughly mixing with ignited sand and sufficient anhydrous sodium sulphate 
to remove all the water. The extraction of the glycerin is only satisfac- 
tory when the substance is finely divided. The presence of cane sugar 
does not render the method valueless, as it is but slightly soluble in ace- 
tone. No claim is made for an absolute method for extracting glycerin 
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from meat and similar extracts and juices. Approximate results, however, 
are obtained which a!te of value in indicating the amounts of glycerin 
present in various mixtures containing large amounts of organic material. 

No report was made on the separation of nitrogenous bodies (milk and 
cheese). The following paper was read by L. L. Van Slyke: 

A STUDY OF SOME CONDITIONS AFFECTING THE PRECIPI- 
TATION OF CASEIN. 

By L. L. Van Slyke and 0. B. Winter. 1 

A careful study was undertaken of certain conditions affecting the pre- 
cipitation of casein in milk, in order to ascertain whether the present 
official method, using acetic acid as precipitant, is satisfactorily efficient. 
Of many points studied, only three are presented as follows: (1) Amount 
of acid used, (2) concentration of acid when added, and (3) effect of 
variation of temperature. 

In each experiment were used 10 cc. of freshly-separated, pasteurized, 
skimmed milk and enough water to make (together with acid added) 
about 100 cc. Acetic acid was used in amounts varying from 30 to 240 
mg. (equivalent to 5 to 48 cc. of tenth-normal acid, or approximately, 
to 0.3 to 2.4 cc. of 10 per cent acetic acid). Indication of effectiveness of 
results was based upon these points: Amount of casein precipitated, char- 
acter of filtrate in respect to clearness, and rapidity of filtration. Gen- 
erally speaking, highest quantitative results are obtained when the filtrate 
is clearest and filtration is most rapid. 

(1) Amount of acid used . — In milks low in casein (less than 2 per cent), 
good results were not obtained when less than 72 to 90 mg. of acid were 
used (equivalent to 12 to 15 cc. of tenth-normal acid), while in the same 
milks equally good results were obtained with amounts of acid of 120 
mg. and higher (equivalent to 20 cc. of tenth-normal acid). In some cases, 
when milk contains large amounts of casein (3 per cent or more), as much 
as 50 cc. of tenth-normal acetic acid (containing 300 mg. of acid) can be 
used with best results. 

(2) Concentration of acid when added , — Comparative trials were made in 
which in one case the acid was added to the milk diluted to nearly 100 cc., 
and, in the other, the acid was diluted to 90 cc. and added to the undi- 
luted milk. While the quantity of casein precipitated is the same in both 
cases, the precipitate is more flocculent and filters more rapidly when the 
acid is diluted before addition to the milk. 


1 Read by H. S. Bailey. 
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(3) Effect of variation of temperature . — Generally speaking, equally good 
results are obtained at all temperatures between 18hnd 42, when the same 
amounts of acid are used. 

The work in general goes to show that the present method is satisfactory, 
but that the conditions of its efficiency are much more elastic than its pres- 
ent precise statement would lead one to suppose. 

REPORT OF COMMITTEE C ON RECOMMENDATIONS OF 

REFEREES. 

By H. E. Barnard, Chairman . 1 

(Food adulteration.) 

COLORS. 

It is recommended — 

(1) That the investigations now under way be continued. 

Approved. 

SACCHARINE PRODUCTS. 

It is recommended — 

(1) That the method for the determination of solids in molasses and 
other sugar products, by means of the refractometer, using Geerlig’s table 
of equivalents and temperature corrections, the results to be expressed as 
percentages calculated from the refractometer readings, be finally adopted 
as provisional. 

Adopted, final action. 

(2) That the suggestions of the associate referee for 1911 be continued 
for action in 1914 and that the associate referee for the coming year give 
these matters further study. 

Approved. 

FRUIT PRODUCTS. 

It is recommended — 

(1) That the study of the effect of uranyl acetate and ammonium 
molybdate respectively on the polarizations of malic and tartaric acids 
in the presence of known amounts of acetic acid be continued with the 
view of constructing tables from which the amounts of malic or tartaric 
acid present can be read when the change in optical rotation due to either 
reagent is known. 

Approved. 

(2) That the Yoder procedure for the estimation of malic and tartaric 
acids be studied in connection with the tables mentioned in the preceding 
recommendation . 

Approved. 


1 Presented by C. D. Howard. 
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WINE. 

It is recommended — 

(1) That the proposed method for the determination of total tartaric 
acid, by B. G. Hartmann and J. B. Eoff, as given in the report of the 
associate referee, be further studied with regard to its applicability to red 
wines. 

Approved. 

(2) That the suggested use of the Rochelle salt addition instead of 
tartaric acid, as provided in the Hartmann and Eoff method, be further 
studied. 

Approved. 

BEER. 

It is recommended — 

(1) That Method 3 (in the associate referee’s report), on the determi- 
nation of phosphoric acid in beer by the addition of calcium acetate, and 
subsequent ashing, be adopted as a provisional method in place of the 
direct volumetric determination with uranium acetate. 

Approved for final action in 1914. 

(2) That the misprints and mathematical inaccuracies in Bulletin 107, 
Revised, as noted in the associate referee’s report , be carefully investigated. 

Approved and referred for future action to the general Committee on 
Recommendations of Referees. 

DISTILLED LIQUORS. 

It is recommended — 

(1) That the Allen-Marquardt method for fusel oil determination (Bui. 
107, Rev., p. 98, (b) ) be modified as follows: In fourth line after “is col- 
lected,” add “Whenever aldehydes are present in excess of 15 parts per 
100,000, add to the distillate 0.5 gram of mcta-phenylene diamin hydro- 
chlorid, reflux for an hour, distill 100 ce., add 25 cc. of water and continue 
distillation until an additional 25 cc. is collected.” 

Approved for further study with collaboration. 

(2) That the associate referee be directed to confer with chemists en- 
gaged in spirits analysis, to do such collaborative work as is necessary, 
and to submit at the next meeting a revised Allen-Marquardt method con- 
taining such changes in details and manipulation as experience justifies. 

Approved. 

vinegar. 

It is recommended — 

(1) That the modification of the method for reducing sugars, as desig- 
nated in Circular 108, page 7, be finally adopted as provisional. 

Adopted, final action. 
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(2) That Fincke's method for formic acid as applied to vinegar (Bui. 
162, p. 81; Cir. 108, p. 8) be finally adopted as provisional. 

Adopted, final action. 

(3) That methods 1, 2, 3, 4, 7, 9, 12, and 18, as printed in the 1911 
Proceedings (Cir. 108, pp. 8-9) be finally adopted as provisional*. 

Adopted, final action. 

(4) That the other subjects designated by the last associate referee 
(Cir. 108, p. 8) be given further study. 

Approved. 

FLAVORING EXTRACTS. 

It is recommended — 

(1) That the results in the associate refereed report on known samples 
of vanilla extracts be submitted to the committee on standards for consid- 
eration in connection with such other results as are available in establishing 
standards. 

Approved. 

(2) That Folin’s colorimetric vanillin method as described in the 
Journal of Industrial and Engineering Chemistry , volume 4, page 670, be 
further studied on extracts prepared in various ways, and on other products 
containing vanillin; especially in the presence of substances which would 
interfere in the provisional procedure; to test its value as a method for 
use in special cases where the gravimetric process is not applicable; and 
for confirmatory purposes. 

Approved. 

(3) That Wichmann’s qualitative coumarin method be given further 
consideration in connection with Folin’s colorimetric vanillin method and 
as a preliminary test. 

Approved. 

(4) That the slight modification of Howard’s method for peppermint 
extract as given in the associate referee’s report be adopted as a pro- 
visional method. That the applicability of this method to certain other 
extracts be studied, employing such modifications as may be necessary. 

Approved for further study with a view to final adoption in 1914 as 
provisional for peppermint. 

(5) That the method for the examination of ginger extracts (Bui. 137, 
p. 79) be made the subject of further study during the ensuing year. 

Approved. 

SPICES. 

It is recommended — 

(1) That the recommendations on condiments other than spices by the 
associate referee for 191 1 (Cir. 90, p. 10) be referred to the associate referee 
on spices to report in 1914. 

Approved. 
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MEAT AND FISH. 

It is recommended — 

(1) That on page 106 of Bulletin 107, Revised, under “XVII. Methods 
for the analysis of meat and meat products. 1. Identification of Species 
— Provisional/’ fourth line, after “melting point/’ “melting point of 
stearin by Bclfield-Emery method” be inserted. 

Adopted, final action as provisional. 

(2) That Price’s method (Cir. 108, p. 10) be made the official method 
for starch in meat food products in place of Mayrhofer’s method (Bui. 107, 
Rev., p. 109, (b), (2) ). 

Approved for further study with a view to its final adoption as pro- 
visional in 1914. 

(3) That Folin’s aeration method, as given in the report of the asso- 
ciate referee be introduced as (g) Ammonia, on page 109 of Bulletin 107, 
Revised. 

Approved for further study with the recommendation that the referee 
for 1914 compare this method with that described by the referee for 1912 
(Cir. 108, p. 10). 

(4) That under (e) Ammonia, page 115 of Bulletin 107, Revised, the 
following be substituted: Mix 1 gram of meat extract with 2 cc. of normal 
hydrochloric acid and wash into the Folin apparatus with about 5 cc. of 
water. Proceed as under (g) Ammonia, page 109. 

Approved for further study. 

(5) That the method for sugar as given on page 172 of the associate 
referee’s report be studied. 

Approved. 


FATS AND OILS. 

It is recommended — 

(1) That the glycerin saponification method for the preparation of 
fatty acids for use in the titer test (Cir. 108, p. 11) be adopted as 
provisional. 

Adopted, final action. 

(2) That Emery’s method for the detection of added beef fat and 
other solid fats in lard (U. S. Dept. Agr., Bureau of Animal Industry, 
Cir. 132) be adopted as a provisional method. 

Adopted, final action. 

(3) That the Bechi or silver nitrate test for cottonseed oil be discarded. 

Adopted. 

(4) That 75° in addition or instead of 100° for the determination of the 
specific gravity of high melting point fats be given further study, and a 
report be made in 1914. 

Approved. 
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DAIRY PRODUCTS. 

It is recommended — 

(1) That the method proposed in 1911 (Bui. 152, p. 101; Cir. 90, p. 
10) as applied to milk, evaporated milk, sweetened condensed milk, thin 
cream, and ice cream, be given further study with a view to final adoption 
as provisional in 1914. 

Approved for final action in 1914. 

(2) That the modification for rich cream (Cir. 108, p. 12) be given 
further study with a view to final adoption as provisional in 1914. 

Approved for final action in 1914. 

CEREAL PRODUCTS. 

It is recommended — 

(1) That the method of Bryan, Given, and Straughn (Cir. 71) for the 
estimation of soluble carbohydrates (results to be expressed as dextrose) 
be made a provisional method. 

Approved for final action as provisional in 1914. 

(2) That the method, on page 193 of the associate referee’s report, 
for the estimation of acidity of water extract of flour be made an official 
method. 

Approved for further study with a view to final action as provisional 
in 1914. 

(3) That Recommendations (2), (4), and (5) on page 12 of Circular 
108 be referred to the associate referee for the coming year for definite 
action. 

Approved. 

VEGETABLES. 

It is recommended — 

(1) That the associate referee for the coming year make determinations 
of the easily separable liquid in canned tomatoes, com, and butterbeans, 
paying special attention to the size and kind of sieve and to the time allowed 
for drainage, and in the case of tomatoes to the effect of the age of the 
canned product on the amount of easily separable fluid. 

Approved for further study. 

COCOA AND COCOA PRODUCTS. 

It is recommended — 

(1) That the method for the determination of casein in milk chocolate 
(Bui. 162, p. 130) be adopted as provisional. 

Referred to the associate referee for further study this year with respect 
to the effect of high temperatures in the process of manufacture. 

(2) That the method for the determination of milk fat in milk choco- 
late (Bui. 152, p. 159) as reported last year, be adopted as provisional. 

Adopted, final action. 
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(3) That the methods for crude starch in cocoa be given further study. 

Approved. 

TEA AND COFFEE. 

It is recommended — 

(1) That the Fuller method for the determination of caffein in tea and 
coffee be further studied with a view to improving the method of extrac- 
tion and filtration. 

Approved. 

(2) That the Gorter method be further studied with a view to purify- 
ing the caffein with sodium carbonate solution for direct weighing. 

Approved. 

(3) That the modified Stahlschmidt method be given another trial for 
the determination of thein in tea. 

Approved. 

PRESERVATIVES. 

It is recommended — 

(1) That a further study of the Fineke method for formic acid with 
reference to roasted or partially caramelized substances as well as to the 
interfering substances mentioned by Fineke ( Riochem . Zts., 1913, 16 : 278) 
be made during the coming year. 

Approved. 

(2) That the collection of data regarding the amount of volatile reduc- 
ing substances occurring in natural products as determined by the Fineke 
method be continued, and that natural products be examined qualita- 
tively for formic acid in order that the value of a qualitative test in de- 
tecting added formic acid may be finally ascertained. 

Approved for further study. 

(3) That the natural occurrence of formic acid in food products be 
further investigated. 

Approved. 

HEAVY METALS IN FOODS. 

It is recommended — 

(1) That the methods for the determination of lead in baking powder 
and baking powder materials, which were studied this year, be made the 
subject of further study. 

Approved. 

(2) That the methods for the determination of arsenic, substantially 
as given in Circular 102 and in the Proceedings of the Eighth International 
Congress of Applied Chemistry , volume 1 , page 9, be studied for another 
year. 

Approved. 

(3) That the procedure of digesting the sample by the use of nitric and 
sulphuric acids be further studied. In this connection it is desirable to 
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develop further the procedures applicable to meats and fish, in which the 
time required may be shortened and which will allow the use of a larger 
sample. 

Approved and referred to the associate referee for the coming year 
for recommendations. 

(4) That the gravimetric method for tin, including modifications using 
Gooch crucible and potassium hydroxid, be studied further with a view to 
its adoption as provisional. 

Approved for final adoption as provisional in 1914. 

(5) That the volumetric methods for tin, devised by Baker, Alexander, 
and Bloomberg, be studied further. 

Approved and referred to the associate referee for the coming year for 
recommendations. 

(6) That the methods for determination of copper in food products be 
made the subject of study by this association as soon as possible. 

Approved. 

(7) That the methods for the determination of zinc in food products 
be made the subject of study by this association as soon as possible. 

Approved. 

BAKING POWDER. 

No recommendation by the committee as no report from referee was 
received. 

H. W. Wiley, honorary president, in an address before the association, 
spoke of the progress of applied chemical science in this country as related 
to agriculture, of the power to control the effect of seasons on crops by 
scientific investigation and application of science, and of the splendid op- 
portunity for efficient service by the association in the cooperative 
work of making standards. 


REPORT OF COMMITTEE ON NOMINATIONS. 

By R. J. Davidson, Chairman. 

The committee on nomination of officers for the ensuing association year 
reported the following list of nominations: For president, E. F. Ladd, of 
North Dakota; for vice-president, C. H. Jones, of Vermont; for secre- 
tary, C. L. Alsberg, of Washington, D. C.; for additional members of the 
executive committee, J. D. Turner, of Kentucky, and W. F. Hand, of 
Mississippi. 

The secretary was instructed to cast the unanimous ballot of the asso- 
ciation for these officers. 
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REPORT ON DAIRY PRODUCTS. 

By E. M. Bailey, Referee . 

In the examination of milk serum by means of the immersion refrac- 
tometer the acetic acid method of preparing the serum has been adopted 
as the provisional method. In view of the distinct advantages of the 
copper sulphate method of preparing milk serum, chief of which are the 
rapidity with which the serum can be obtained and the narrower range 
of readings given by whole milk it seems advisable at this time to recom- 
mend that the referee on dairy products for the ensuing year consider 
this method for the purpose of having it adopted as an optional provisional 
method in 1914. 


RECOMMENDATION. 

By (3. E. Patrick. 

We receive so many requests for methods of analysis of evaporated 
milk, that is, unsweetened condensed milk, that I think the association 
should have something definite on the subject, and I recommend, there- 
fore, that there be inserted on page 122 of Bulletin 107, Revised, after the 
method for Cream, the following: “Condensed Milk (unsweetened). 
Dilute 40 grams of the homogeneous material with 60 grams of distilled 
water, proceed as directed under Milk and correct the results for dilution.” 
And on the same page, I recommend that the word Sweetened” be in- 
serted before “Condensed Milk.” 

REPORT ON FEEDS AND FEEDING STUFFS. 

By W. J. Jones, Jr., Referee. 

The following subjects were assigned for investigation: (1) Effect of 
time of extraction on the determination of fat by the petroleum ether 
method; (2) Effect on the determination of fat of the use of petroleum 
ethers from different sources; (3) Effect of moisture on the determina- 
tion of fat by the petroleum ether method. 

The study of the proper factor for converting nitrogen into protein 
was left to the discretion of the referee. By agreement with the secre- 
tary, W. D. Bigelow, it was decided that if it was considered advisable to 
take up this subject it would be under the direction of an associate referee. 

In addition to the three assigned investigations, work has been done 
on the length of time necessary to dry the extractions with petroleum 
ether and on the determination of fat by the official method, with absolute 
ether without drying samples, and with Squibbs ether containing approxi- 
mately 3 per cent of alcohol. 
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Owing to the nature of the investigation and the difficulty encountered 
in securing petroleum ethers from different petroleums it was decided 
not to send out samples to collaborators, but to confine this work to the 
laboratory of the referee. 

The moisture reported is the average of nine determinations secured 
by drying 2 grams of the sample in a steam bath in hydrogen for 5 hours. 

Attempts to secure petroleum ether from different sources were unsuc- 
cessful owing to the fact that in most cases the fractionations desired were 
not made and when special arrangements were possible the difficulties of 
securing suitable containers and transportation made it practically im- 
possible to procure the reagent. The only petrolic ethers secured were 
those used last year, one from Pennsylvania petroleum and the other 
pentane from Kansas petroleum. Eighty-six per cent of the Pennsylvania 
ether distilled below 65°C., the distillation beginning at 31°C.; 100 cc. 
gave a residue of 0.7 nig. Ninety-nine per cent of the pentane distilled 
below 65°C., the distillation beginning at 27£°C.; 100 cc. have a residue of 
7 mg. In securing the results reported redistilled petrolic ether and 
pentane were used and no residue was found in the solvent. 

Kahlbaum’s c. p. ether distilled over metallic sodium, dehydrated in 
the laboratory for 2 weeks over fresh metallic sodium and redistilled from 
fresh metallic sodium was used for the official determinations. 

All determinations of fat were made in the ordinary Soxhlet apparatus 
using an S. and S. fat free capsule to hold the sample. Extractions were 
made on an electrical heater giving a temperature of 76°C. 

Twenty-three samples representing fourteen classes of feeding stuffs 
offered for sale in the general markets were selected and carefully prepared 
according to official methods, under the supervision of F. D. Fuller, as 
follows: 


DESCRIPTION OF SAMPLES FOR COOPERATIVE WORK. 

(1) Continental gluten feed, composed of the dried residues from the distillation 
processes in the manufacture of liquor and composed of corn, oat malt, and barley 
malt. 

(2) Old process linseed meal adulterated with 1.2 per cent of cottonseed meal. 

(3) Choice cottonseed meal containing 43.1 per cent of crude protein. 

(4) Compound feed composed of alfalfa and molasses. 

(5) Compound feed composed of corn, oats, alfalfa meal, brewers' dried grains, 
malt sprouts, and molasses. 

(0) Compound feed composed of com, oats, alfalfa meal, grain screenings, and 
molasses. 

(7) Old process linseed meal adulterated with 4.8 per cent of cottonseed meal. 

(8) Cottonseed cake containing 37.3 per cent of crude protein. 

(9) Cottonseed feed (meal and hulls) containing 22.3 per cent of crude protein. 

(10) Old process linseed meal. 

(11) Corn germ meal. 
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(12) Homeoline (com germ meal). 

(13) Brewers’ dried grains (corn grits and barley malt). 

(14) Brewers’ dried grains (malted barley and rice). 

(15) Hubinger’s gluten feed. 

(16) Union Starch and Refining Co.’s gluten feed. 

(18) Linseed feed (meal from unscreened flaxseed). 

(20) Compound feed composed of wheat and corn gluten, hominy feed, barley 
feed and sprouts, corn distillers’ grains and cottonseed meal. 

(21) Corn distillers’ grains. 

(22) , (23), and (24) Corn products gluten feed. 

(25) Wheat bran and screenings (small percentage). 

EFFECT OF TIME OF EXTRACTION ON THE DETERMINATION OF FAT. 

In studying the effect of different periods of extraction since the pro- 
posed method called for 3 hours’ extraction, it was decided to make the 
different periods multiples of 3 and hence the samples were extracted 3, 
6, 9 and 12 hours. The extracts were all dried 3 hours in a water bath at 
the temperature of boiling water (98°C.). 

It will be noted from Table 1 that all the un dried samples show an in- 
crease in the amount of extract with Pennsylvania petrolic ether for the 
period from 3 to G hours, the average increase being 0.2 per cent varying 
from 0.06 per cent for Sample 5 to 0.33 per cent for Sample 21. Twenty- 
two of the samples show an average increase from 6 to 9 hours of 0.10 
per cent, making the total average increase for the 6 hours from 3 to 9 
hours 0.29 per cent, ranging from 0.12 per cent for Sample 22 to 0.49 
per cent for Sample 13. Seventeen of the samples show an average in- 
crease of 0.04 per cent for the period from 9 to 12 hours, while 6 show no 
variation. 

All the dried samples show an average increase in the amount of extract 
for the first period of 0.16 per cent and an additional 0.09 per cent for the 
second period, making the total increase from 3 to 9 hours 0.25 per cent. 
Six of the samples show an average increase of 0.02 per cent from 9 to 12 
hours. 

In the pentane extraction only 2 periods, 3 and 9 hours, were used, re- 
sulting in 23 of the undried samples showing an average increase in amount 
of extract of 0.19 per cent and the dried samples 0.21 per cent, the range 
in the former being from 0.07 per cent in Sample 22 to 0.44 per cent in 
Sample 25 and in the latter from 0.06 per cent in Sample 8 to 0.38 per cent 
in Sample 25. 

The additional amount extracted in all samples under the varying 
conditions and different reagents indicates that 3 hours’ extraction in the 
ordinary Soxhlet apparatus is not sufficient to secure complete extraction 
for the classes of feeding stuffs represented. For this reason the other 
subjects for investigation are reported on the basis of 9 hours’ extraction, 
which Table 1 shows to give maximum results. 
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TABLE 1. 


Effect of time of extraction on the determination 
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of fat (8 hours of drying extract.). 


PKTROIIC ET1IER 


PENTANE 


Dried sample 

Umlriod sample 

Dried sample 

9 hours' 

12 hours’ 

Gain or 

Gain or 

Gain or 

3 hours’ 

9 hours’ 

Gain or 

3 hours’ 

9 hours’ 

Gain or 

extrac- 

extrac- 

loss 3 to 6 

loss 6 to (1 

loss 9 to 12 

extrac- 

extrac- 

loss 3 to 9 

extrac- 

extrac- 

loss 3 to 9 

tion 

tion 

hours * 

hours 

hours * 

tion 

tion 

hours * 

tion 

tion 

hours * 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

11.06 

11 07 

4 - 0.12 

4-0 02 

+0 01 

10 98 

11.15 

4-0 17 

10 81 

11 14 

+0 33 

10.81 

10 81 

+0 06 

0 00 

0 00 







10.72 

10 72 

4-0 03 

0 00 

0 00 

11 16 

11 20 

4-0 04 

10 90 

il 16 

+0 26 

10.80 

10.87 

4 - 0.07 

0 00 


11 07 

11 18 

4-0 11 

10 86 

11 15 

+0 29 

6 29 

6.34 

+ 0.19 

4-0 06 

4-0 05 

5 92 

6.00 

4-0 08 

5 72 

6 08 

4-0 36 

6 28 

6.32 

+0 14 

0 00 

4-0 04 







6 04 

6 08 

4 “ 0.05 

4-0 01 

+0 04 

6 11 

6 23 

4-0 12 

5 80 

6 io 

4-6 30 

6 20 

6.25 

4 - 0.13 

4-0 02 

+0 05 

6 02 

6 12 

+0 10 

5 76 

6 09 

| 4-0 33 

10.44 


4-0 03 

4-0 09 


10 07 

10.39 

4-0 32 

10 01 

10 42 

4-0 41 

10 39 


4-0 03 

4-0 OS 








10 45 

i () 45 

+0 10 

4-0 07 


io 39 

10 62 

4 0 23 

9 99 

10 30 

+0 3 i 

10.43 

10.45 

4-0 OS 

4-0 08 


10 23 

10 51 

4-0 28 

10 00 

10 36 

4-0 36 

0 49 

0.49 

4-0 09 

0 00 

0 00 

0 .53 

0 63 

4-0 10 

0 16 

0 5 S 

4-0 12 

0 62 

0 52 

4-0 08 

4-0 01 

0 00 







0.53 

0 54 

4-0 («> 

+0 02 

4-0 01 

0 58 

0 67 

+0 09 

0 45 

0 57 

4-0 12 

0 51 

0.52 

4-0 OS | 

4-0 01 


0 56 

0 65 

+0 09 

0 40 

0 58 

4-0 12 

2.79 

2.80 

4 - 0.07 

4-0 02 

4-0 01 

2 69 

2 70 

4-0 07 

2 67 

2 S 3 

4-0 16 

2.56 

2 58 

4-0 05 

4-0 01 

4-0 02 







2 71 

2 72 

4-0 07 

4-0 01 

4-0 01 

2.76 

2 86 

4-0 10 

2 62 

2 77 

+0 15 

2.68 

2 70 

4-0 06 

4-0 01 

4-0 02 

2 73 

2.81 

4-0 08 

2 65 

2 SO 

4-0 15 

2.71 

2 75 

4-0 08 

0 00 

4-0 04 

2 57 

2 95 

4-0 38 

2 57 

2 79 

40 22 

2 68 

2 70 

4-0 12 

4-0 01 

4-0 02 







2 70 

2 75 

4-0 09 

4-0 01 

4-0 05 

2 62 

2 70 

4-0 08 

2 72 

2 94 

4-0 22 

2.70 

2.73 

4 - 0.10 

4-0 01 

4-0 03 

2 60 

2 83 

4 - 0.23 

2 65 

"'2ir 

4-0 22 

6 55 

6 55 

+0 13 

0 00 

0 00 

6 24 

6 37 

4-0 13 

6 27 

6 34 

4-0 07 

6 60 

6.61 

4-0 10 

0 00 

4-0 01 







6 57 

6 57 

4-0 10 

4-0 03 

0 ( X ) 

6 26 

6 45 

4-0 1 J 9 

6 30 

6 38 

4-6 OS 

6.57 

6 57 

4 - 0.11 

4-0 01 

0 00 

6 25 

6 41 

4-0 10 

6 28 

6 36 

+o as 

6 56 

6.57 

4-0 06 

4-0 03 

4-0 01 

G 55 

6 71 

4-0 16 

6 43 

6 51 

+0 08 

6.53 

6.53 

4-0 05 

0 00 

0 ( X ) 







6 48 

6.48 

4-0 15 

0 ( X ) 

0 00 

657 

6 82 

4-0 25 

6 48 

6 53 

+0 05 

6.52 

6.52 

+ 0.08 

4-0 01 

0 ( X ) 

6 56 

6.77 

4-0 21 

6 40 

6 52 

+0 06 

3.97 

3.97 

+0 16 

4 - 0.05 

0 00 

3.43 

3 64 

4 - 0.21 

3 51 

3 60 

+0 09 

3.82 

3.82 

+ 0.18 

4-0 04 

0 00 







3 71 

3.71 

+ 0.15 

4-0 06 

0 00 

3 41 

3 09 

4 - 6.28 

3 48 

3 57 

+0 09 

3.83 

3.83 

4 - 0.16 

+0 05 

0 00 

3 42 

3 67 

4-0 25 

3 50 

3 59 

"+ 0.09 

9.23 

9.23 

4 - 0.08 

+0 03 

0.00 

9 02 

9 17 

4 - 0.15 

8 01 

9 01 

+0 10 

9.36 

9.36 

4 -o as 

+0 04 

0 00 







9.20 


4-0 09 

+0 06 


9 09 

9 25 

4046 

9 OS 

921 

+6' is 

9.26 

9.30 

+0 08 

4 - 0.04 

0 00 

9 06 

9 21 

4-0 15 

9 00 

9 11 

4-0 11 
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TABUS 1— Continued. 


Effect of time of extraction on the determination 


PETROLIC ETHER 


Undried sample 


Dried sample 



3 hours' 
extrac- 


tion 

per cent 

per cent 


[ 8.92 

5 98 

J 8 91 
1 8 89 


tion hours * 


12 4 30 


7.18 7.42 

7.19 7.39 
7 30 7.51 
7.24 7.44 


13 6.98 


14 7.72 


15 7.10 


16 6 70 


18 7 75 


20 6 35 


21 5 94 


22 9.19 
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of fat (3 hows of drying extract) . 

PETROLIC ETHER 


Dried sample 



percent 

percent 

per cent 

+0.07 

+0.08 


+0.06 

+0.08 


+0 07 

+0 09 

0 00 




5 24 

+0 22 

+0 24 

3.96 

+0 13 

+0 15 

3.93 

+0 17 

+0 15 

4.15 

+0 17 

+0 15 

4 01 

+0 16 

+0.15 

4 85 

+0.26 

+0 11 

4 90 

+0 17 

+0 16 

4 78 

+0 17 

+0 14 

4.84 

+0 20 

+0 14 

8.81 

+0 21 

+0 21 

8.7 i 

+6 21 

+ o '. i 5 

8.76 

+0.21 

+0 18 

3.80 

+0.42 

+0.14 

3.91 

+0 41 

+0 16 

3.90 

+0.36 

+0 14 



+0 14 

+ 0.11 . .. 
+0.13 +0.01 




Undried sample 


Dried sample 

3 hours' 

9 hours* 

Gam or 

extrac- 

extrac- 

loss 3 to9 

tion 

tion 

* hours 
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TABLE l— Continued. Effect of time of extraction on the determination 




PETROLIC ETHER 

SAMPLE 

MOISTURE 

Undried sample 

Dried sample 

NO. 

3 hours’ 

6 hours' 

9 hours' 

12 hours’ 

Gain or 

Gain or 

Gain or 

3 hours' 

9 hours* 




extrac- 

extrac- 

extrao- 

extrac- 

loss 3 tod 

loss 0 to 9 

loss 9 to 12 

extrao- 

extrao- 



tion 

tion 

tion 

tion 

hours * 

hours at 

hours st 

tion 

tion 


percent 

percent 

percent 

percent 

per cent 

per cent 

per cent 

per cent 

per cent 

percent 



f 3.47 

3.71 

3.77 

3.88 

+0.24 

+0.06 

+0.11 

1.49 

1.74 

23 

5.64 

3.51 

3.76 

3.83 

3.90 

+0.25 

+0.07 

+0.07 

1.43 

1.66 

3.38 

3 65 

3 74 

3.83 

+0.27 

+0.09 

+0 09 

1.32 

1.55 



l 3.45 

3.71 

3.78 

3 87 

+0.26 

+0.07 

+0.09 

1.41 

1.65 



f 1.82 

1.92 

2.01 

2.09 

+0.10 

+0.09 

+0.06 

1.37 

1.50 

24 

11.03 

1 1.84 

2 00 

2.03 

2.12 

+0 16 

+0.03 

+0.09 

1.22 

1.32 

I 1.78 

1 95 

1.98 

2 06 

+0 17 

+0.03 

+0.08 

1.15 

1.28 



l 1.81 

1.96 

2 01 

2.13 

+0.15 

+0.05 

+0 12 

1 31 

1.37 



f 3 75 

4.07 

4.28 

4 29 

+0.32 

+0.21 

+0.01 

3 53 

3.94 

25 

9.26 

1 3.77 

4 09 

4 30 

4.31 

+0.32 

+0.21 

+0 01 

3 69 

4.09 

3 81 

4 10 

4 32 

4 32 

+0.29 

+0 22 

! o oo 

3 50 

3.87 



l 3.78 

4 09 

4 30 

4 31 

+0 31 

+0.21 

; +o oi 

3 57 

3.97 


EFFECT OF PETROLIC ETHERS FROM DIFFERENT SOURCES IN THE DETER- 
MINATION OF FAT. 

In comparing the extractions of the undried samples with Pennsylvania 
petrolic ether and pentane it is found that every sample shows an increase 
in the amount extracted by the former, the average for the 23 samples 
being 0.37 per cent varying from 0.02 per cent in Samples 4 and 8 to 1.78 
for Sample 23. When the extractions on the dried samples are compared, 
however, the results are more conflicting since 14 show an average increase 
of 0.19 per cent with Pennsylvania petrolic ether, 8 an average increase of 
0.18 per cent with pentane and one no change. Averaging the results 
from the entire 23 dried samples the petrolic ether shows an average 
increase over pentane of 0.06 per cent. 

It is noted that the extractions of the dried samples do not compare 
with the results on the undried, since some samples of the former show ex- 
actly opposite results from the latter with the reagents. Sufficient checks 
were made on this part of the work to insure that the difference in results 
is not due to errors in manipulation. 

The results in Table 2 show very clearly that appreciable differences in 
the amount extracted may result from the use of petroleum ethers boiling 
below 65°C. from the different sources when used on different kinds of 
feeding stuffs and that these differences may be materially affected by the 
moisture present in the sample and the character of the material extracted* 
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PETROMC ETHElt 


l’ENTANE 


Dried sample 

Undried sample 

Dried sample 

9 hours’ 

12 hours’ 

Gain or 

Gam or 

Gam or 

3 hours’ 

9 hours' 

Gain or 

3 hours’ 

9 hours’ 

Gain or 

extrac- 

ext.rac- 

loss 3 to 0 

loss 6 to 9 

loss 9 to 12 

oxtrac- 

extrac- 

loss 3 to 9 

ext rae- 

extrae- 

Joss 3 to 9 

tion 

tion 

hours 

hours ± 

hours 

tion 

tion 

hours * 

tion 

tion 

hours 

per amt 

per rent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

1.84 

1 84 

+0 25 

4-0 10 


1 83 

2 05 

4-0 22 

1 44 

1 70 

+0 26 

1.74 

1 74 

+0 23 

4-0 08 







1.68 

1 68 

+0 23 | 

4-0 13 


i 71 

1 95 

4-0 24 

i 49 

1 76 

+6 27 

1.75 

1 75 

+0 24 j 

4-0 10 


1 77 

2 00 

4-0 23 

1 47 

1 73 | 

4-0 26 

1.53 

1 53 

+0 13 I 



0 88 

0 94 

4-0 06 

0 80 

0 93 

+0 13 

1.34 

1 34 

+0 02 








1.32 

1 32 

+0 04 



0 80 

0 90 

4-0 10 

0 76 

0 91 

+o is 

1 40 

1 40 

+0 06 



0 84 

0 92 

4-0 08 

0 78 

■ 

0 92 

4-0 14 

4.01 

4 03 

+0 41 

4-0 07 

4-0 02 

3 63 

4 09 

4-0 46 

3 57 

3 9.3 

4-0 38 

4 22 

4 23 

4-0 40 

4-0 13 

4-0 01 






3 99 

4 00 

4-0 37 

4-0 12 

4-0 01 

3 63 

4 04 

4-0 41 

3 66 

4 04 

+0 38 

4 07 

4 09 

+0 40 

4-0 10 

4*0 02 

3 63 

4 07 

j 4-0 44 

3 62 

4 no 

+0 38 


EFFECT OF MOISTURE ON THE DETERMINATION OF FAT. 

Comparison of the extractions of undried and dried samples shows with 
both Pennsylvania petrolic ether and pentane appreciable increases in the 
amounts extracted from the undried samples. With Pennsylvania pe- 
trolic ether all 23 samples show an increase ranging from 0.05 per cent for 
Sample 18 (linseed feed) to 2.03 per cent for Sample 23 (gluten feed) 
with an average increase from the undried samples of 0.45 per cent. In 
the pentane extractions the increase between the undried and dried samples 
is less pronounced ranging from 0.01 per cent for Sample 5 to 0.69 per 
cent for Sample 22 (gluten feed) with an average increase for 20 samples 
of 0.15 per cent, one sample, No. 6, showing an increase of 0.04 per cent 
and two, Nos. 21 and 24, no variation. 

The greatest effect of moisture seems to be exerted in the Pennsyl- 
vania petrolic ether extractions of brewers’ grains, distillers’ grains, glu- 
ten feeds, and compound feeds containing one or more of these products. 
With pentane no special difference is noted except in the case of brewers’ 
grains, Sample 13 (corn grits and barley malt), and gluten feeds, Samples 
22 and 23. 

While the fact that all of the samples with Pennsylvania petrolic ether 
and all but one with pentane show an increased amount of extract when 
used on the undried samples as compared with the dried, a study of the 
results gives no indication of any ratio between the amount of moisture 
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TABLE 2. 

Effect of petrolic ethers from different sources on the determination of fat . 
(9 hours’ extraction; 3 hours’ drying) 
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TABLE 2— Continued. 




UNDRIED SAMPLE 

DRIED SAMPLE 

SAlfPLB 

NO. 

MOISTURE 

Pennsylva- 
nia petrolic 
ether 

Kansan 

pentane 

Difference 
petrolic 
ether and 
pentane 

Pennsylva- 
nia petrolic 
ether 

Kansas 

pentane 

Difference 
petrolic 
ether and 
pentane 
* 
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TABLE 2— Continued. 


SAMPLE 

NO. 


23 


24 


25 


average 
per cent 


5.64 


11.03 


9.26 


UNDRIED SAMPLE 


Pennsylva- 
nia petrolic 
ether 


per cent 
extract 

r 3.77 
3.83 
3.74 


3 78 

2.01 

2.03 

1.98 


2.01 

4.28 
4.30 
4 32 


4.30 


Kansas 

pentane 


per cent 
extract 

2.05 

1.95 


2 00 
0.94 
0.90 


0.92 
4 09 
4 04 


4.07 


Difference 
petrol le 
ether and 
pentane 


per cent 


+ 1.78 


+ 1 09 


+0 23 


DRIED SAMPLE 


Pennsylva- 
nia petrolic 
ether 


per cent 
extract 

1.84 

1.74 

1.68 


1.75 

1 53 
1.34 
1 32 


1 40 

4 01 

4 22 
3 99 


4 07 


Kansas 

pentane 


per cent 
extract 

1.70 
1 76 


1.73 
0.93 
0 21 


0.92 

3.95 

4.04 


4.00 


Difference 
petrolic 
ether and 
pentane 


per cent 


+0.02 


+0 48 


+0 07 


present and the increase in extract, hence while it is apparent that the 
presence of moisture affects the determination the amount of this effect 
is more largely controlled by the nature of the material extracted than by 
the amount of moisture present at least when this does not exceed 8 per 
cent. It is also apparent that the extracting power of petrolic ethers 
from different sources at least of the two used in this investigation is not 
affected to the same degree by the moisture present in the sample. 

OFFICIAL COMPARED WITH PETROLIC ETHER METHOD. 

Comparing the results with the proposed petrolic ether method (3 
hours* extraction) and the official method all the samples except two, 18 
and 24, show an appreciable increase in the amount extracted by the latter 
ranging from 0.10 per cent for Sample 10 to 1.53 per cent for Sample 1, 
with an average increase for the 21 samples of 0.62 per cent. The most 
pronounced differences are shown by the distillers* and brewers* grains 
and compounded feeds containing them, although Sample 25 (wheat bran 
and screenings) gives a difference of 0.97 per cent. In the case of cotton- 
seed products appreciable differences are found in that Sample 3, choice 
cottonseed meal, shows an increase by the official method of 0.49 per 
cent, Sample 8, good cottonseed meal, 0.64 per cent and Sample 9, cotton- 
seed feed (meal and hulls), 0.34 per cent. 

No reason was apparent for the failure of Samples 18 and 24 to follow 
the general rule of decreased amount of extract with petroleum ether the 
former showing an increase of 0.04 per cent and the latter 0.16 per cent. 
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When the petroleum ether extraction is continued for 9 hours the dif- 
ferences are not so large and in six of the samples 2, 7, 9, 10, 18, and 24 
the extraction with petroleum ether has increased so that it exceeds that 
of absolute ether. Seventeen of the samples show an average excess by the 
official method of 0.40 per cent ranging from 0.02 per cent for Sample 22 
to 1.21 per cent for Sample 1. Six samples show an average excess for 
petroleum ether of 0.20 per cent ranging from 0.04 per cent for Sample 7 
to 0.36 per cent for Sample 24. 

COMPARISON OF RESULTS OBTAINED BY THE USE OF ABSOLUTE ETHER ON 
DRIED AND UNDRIED SAMPLES. 

From Table 3 it is seen that in comparing the official method with the 
method of extracting the sample with absolute ether, without previously 
drying, increases in the amount of extract are obtained in the case of 12 
of the undried samples. These increases vary from 0.03 per cent in the 
case of Sample 9 to 1.29 per cent in Sample 21 with an average increase 
of 0.49 per cent. In 11 of the samples slightly higher results were secured 
by the official method on the dried samples, the increases varying from 
0.01 to 0.29 per cent with an average increase of 0. 1 3 per cent. In Samples 
1 and 21, which are distillery by-products the increase of extract obtained 
from the undried samples is very marked, being 1.11 and 1.29 per cent, 
respectively, while with the other samples the range is from 0.03 to 0.60 
showing that the nature of the material under examination affects the 
quantity of extract secured from the undried condition as compared with 
that obtained by the official method. 

In comparing the relative value of different feeding materials it is es- 
sential that a moisture-free basis should be secured and it seems advisable 
from the results of investigation to continue the extraction of the crude 
fat from the moisture-free substances. This is especially necessary in 
order to compare the work of different analysts on the same basis. 

EXTRACTION WITH SQUIBBS ETHER AS COMPARED WITH OFFICIAL METHOD. 

In view of the fact that the official method requires the use of ethyl 
ether free from water and alcohol, it is concluded that the presence of 
these constituents in the solvent exerts an influence which materially 
affects the quantity of ether extract. Therefore, it was deemed advisable 
to study the effect of using Squibbs ether containing approximately 3 
per cent of alcohol as compared with absolute ether. In 16 of the samples 
analyzed the increase in extract obtained with Squibbs ether varied from 
0.03 to 2.99 with an average increase of 0.57 per cent. In one sample 
no change was observed. In six of the samples the results showed a 
decrease in the quantity of extract obtained with ether containing alcohol, 
varying from 0.02 to 0.21 with an average of 0.12 per cent. 



TABLE 3. 

Effect of moisture on the determination of fat. 


ll 

1 

s 

i] 

ill, 

if 

1 : 
i — 

8 : 

CM 

+0.08 

\ 

/•••• 

4-0.06 

}.... 

8 : 

0 

+ ^-s 

3 

d 

4- 


Si 

c e 

a| 

ii 

w ci 

5? 98 

d COCO 

*S 

$5 $52 
d do 

as as 



8 38 

O aS aS 

a* 

8 88 
a* COCO 

8 

d 

z 

0 

i 

■o 

II 

■« 

s .'g 

38 

E* 

H 

I 

0 

1 

I. 

® Js fe. 

1 ll 
g I s . 

jjiMjj* 

1 : 

1 

3 

aS 

1 

8 : 
d 

1 

2 

d 

1 : 

3 : 

d 

1 

8 

0 

1 

1 it 

Hit# 

1 ^ 

1 i 

H 

CM • 

1 : 

CO 

aS 

o' 

4* ; 

co 

aS 

o' 

1 : 

d 

1 : 

3 

0 

1 

11 

*i 

il* 

1 ■: 
i — 

pH 

pH 

+ 

pH 

0 

8 

d 

8 

© 

s 

d 

1 

s- 

(5 

ill 

ll S3 

|.t 22 

9 88 

cm to to 

a«4 

8 22 
cd do 

pH pH 

2 8.2 

O pH pH 

pH 

t- as 
as iO CO 

as deo 

8 

CO 

*8js 
•c Q. 

*2 a 

ll ^ 
HI W «0 

at c 

3 82 

co <00 

PH 

22 

aS CO CO 

d do 

g ©2 

0 2 2 

0 eoi^ 

as CM CO 

*h dco 

8 

d 

fc 

o 

go' 

• PS 

a* 
s * 

U J3 

e» 0 

ii 

a s 
08 

a- 

1 

a — 

s 

d 

+ — 

8 

d 

+ — 

pH 

i — 

s 

d 

4- 

as 

O 

d 

4- 

li 

og 

li 2:2 

at 22 

to 220 

as O **H 

as CO CO 

8 28 
d do 

aS aS_ 

co oor^ 
eo »c «5 

d do 

aS 

00 NN 

»o 00t>» 

O CM CM 

8 

CM 

B* 

< 

g 

H 

* 

ii 

I? ^ 
at 

a 88 

FH CO CO 

pH 

2 88 
cd do 

pH 

3 S3 

0 do 

H 

3 28 

O CM CM 

pH 

00 

CM 

o' 

■gp 

is 

aS 

Sg 

b" 

fit .. 

p 

n 

Bfi 

•si 

it 

c 6 

og 

'S-5 1 

1 i 

fc 

aS 

T* 

d 

1 

“5 

CM 

d 

1 

QO 

aS 

d 

1 .. .^ 

co 

aS 

d 

1 

8 

d 

4 . 

ft 

1 r 

"h „■ 

*r ' 

1 - 


ri 

og 

11832 
at 222 

8 88S 

0 d d co 

as 

8 989 

d odd 

as aS H 

9 933 

6- 000 

aS 

aS 05 CO rS 

“5 t>. *C t*- 

d CM CM CM 

8 

CM 

• 

• 

•1 

t- 

u 

3 o. 

3 g 
a g 

1*288 
S.8 rr H 

Sj 

as d d CO 

rS 

9 938 

d odd 

aS aS aS 

co sss 

d odd 

pH 

N aS 05 aS 
CO 05 0 05 

O CM CM CM 

S" 

CM 



« 

MOISTUHE 


ll 2 8 9 8 8 

& £ d <0 d d H* 

W 

1* 

• 

*h cq eo ^ •© 


302 



4 31 H 4M am • • 1 2.70 2.94 J"" \ 3 07 3 38 / ' - - -- ^ 3.34 



303 










































































TABLE 3 — Continued. 
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It is very evident from the results obtained, not only in this investiga- 
tion but also in comparative work in connection with inspection of feeding 
stuffs of varied composition in this laboratory that the use of ether con- 
taining alcohol and water can not be relied upon to give absolute results. 
The nature of the material subjected to examination appreciably influences 
the solvent action of the ether as is shown in Table 3. For instance, 
Sample 1 composed chiefly of corn distillers’ grains and Sample 21, which 
is com distillers’ grains with no admixture, gave an increase in amount 
of extract with Squibbs ether of 2.99 and 2.78 per cent, respectively. 
With gluten feeds increases were apparent, but with linseed and cotton- 
seed meals either slight increases or negative results were secured. Con- 
sidering the widely varying results obtained with Squibbs ether as com- 
pared with absolute ether, due not only to the presence of alcohol, but 
also to the nature of the material under examination we would emphasize 
the importance of using absolute ether by all analysts in order to secure 
results which are comparable. 

EFFECT OF TIME OF DRYING EXTRACT. 

Repeated investigations in this laboratory having shown that drying 
ether-extracted residues 1§ hours at the temperature of boiling water gave 
constant weight, it was deemed advisable to determine the length of time 
necessary to dry extracts with petroleum ether to secure similar results. 
Two additional periods, multiples of 1$, 3, and 4§ hours were decided 
upon. 

Nineteen of the undried samples with Pennsylvania petrolic ether show 
an average loss of 0.12 per cent from 1^ to 3 hours, while 4 show an average 
increase of 0.09 per cent with a general loss for the 23 samples of 0.09 per 
cent. For the 3 to 4$ hour period 14 of the samples show an average in- 
crease of 0.07 per cent and 7 a decrease of 0.04 per cent with an average 
increase for the 23 samples of 0.03 per cent. 

The dried samples show a similar variation in that all 23 samples show 
an average decrease from 1$ to 3 hours of 0.19 per cent, while from 3 to 
4£ hours 15 show an average increase of 0.09 per cent, while 7 show a 
decrease of 0.03, 2 show no variation, making the average increase for 23 
samples 0.05 per cent. 

In the pentane extraction 21 of the samples show an average loss from 
1| to 3 hours of 0.25 per cent, while 2 show an average gain of 0.07 per 
cent, making the average loss for the 23 samples 0.22 per cent. Thirteen 
show an average loss of 0.06 per cent from 3 to 4\ hours and 10 a gain of 
0.10 per cent. Twenty of the dried samples show an average loss of 0.14 
per cent and 3 a gain of 0.07 per cent from 1$ to 3 hours, making the 
average net loss 0.12 per cent, while from 3 to 4$ hours 14 samples con- 
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tinue to lose an average of 0.07 per cent and 9 gain 0.11 per cent. The 
per cent of loss in all samples, however, is such as to indicate that prac- 
tical work will require not to exceed 3 hours' drying of the extract. 

In all cases of drying the extract the length of time required would be 
materially affected by the completeness of the drying before the flask 
was removed from the extraction machine. It will be noted that much 
greater losses were shown in last year's report between 2 and 4 hours. 

DISCUSSION. 

The difficulty of volatilizing the petroleum ether noted in the report of 
1912 was again experienced, and in no case were the analysts able to distill 
the entire residual petroleum ether into the Soxhlets; it was necessary to 
volatilize this out of the receiving flask into the open. 

Strict account was kept of the amount of Pennsylvania petrolic ether and 
absolute ether used with a view to calculating the cost per determination 
with each method. 

It was found that 51.9 per cent of the petrolic ether was lost and that 
for 24 determinations the total loss amounted to one pound, which on the 
basis of October 17 quotations would cost 35 cents or 1.5 cents for each 
determination for reagent. 

In the official method the loss in ether was 40 per cent, the total loss 
for 24 determinations, amounting to 0.8 pound, which on the basis of 
October 17 quotations from stock (80 cents a pound) amounts to 64 cents 
or 2.7 cents for each determination, and on duty-free import (37| cents 
per pound) to 30 cents or 1.3 cents for each determination. 

CONCLUSIONS. 

The work of the past three years as well as past work of the association's 
referees leads to the following conclusions: 

(1) With very rare exceptions appreciably higher amounts of crude fat 
may be expected on all classes of feeding stuffs from the use of the official 
method than from the use of the proposed petroleum ether method. 

(2) That 3 hours' extraction with petroleum ether is not sufficient to 
secure the total petrolic ether extract, which investigation indicates re- 
quires 9 hours' extraction to secure maximum results. This is true even 
with cottonseed products for which the method is recommended by the 
previous referee. 

(3) That the presence of moisture materially affects the amount of ex- 
tract by the petroleum ether method depending on the nature of the 
material extracted. 

(4) That the extraction of the same materials with petrolic ethers from 
different sources does not give concordant results, that is, petrolic ethers 
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TABLE 4. Effect of time of drying extract . (9 hours ' 


PETROLIC ETHER 


SAMPLE 

NO. 

MOISTURE 

Undried sample 


Driod sample 

t 





Gain or 

Gain or 




Gain or 



li hours' 

3 hours' 

4} hours' 

loss 1$ to 3 
hours’ 

loss 3 to 44 

H hours' 

3 hours’ 

4J hours’ 

loss If to 3 



drying 

drying 

drying 


drying 

drying 

drying 

hours’ 




drying 

E 


drying 


per cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cent 

per cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cent 



f 11.11 

11.16 

11.35 

+0 05 

+0.19 

11.08 

11.06 

11.12 

-0.02 

1 

6 72 

11 08 

11 26 

11 38 

+0 18 

+0.12 

10.94 

10 81 

10 97 

-0.13 

11.31 

11 38 

11 52 

+0 07 

+0 14 

10 94 

10 72 

11.26 

-0.22 



111.17 

11.27 

11.42 

+0 10 

+0 15 

10.99 

10.86 

11.12 

-0.13 



f 6.35 

6.50 

6 55 

+0.15 

+0.05 

6.41 

6.29 

6 38 

-0.12 

o 

6.38 

6.29 

6 45 

6.49 

+0.16 

+0.04 

6.18 

6 28 

6.28 

+0.10 

Z 

6.38 

6 41 

6 52 

+0 03 

+0 11 

6 18 

6 04 

6 08 

-0.14 



l 6.34 

6.45 

6 52 

+0 11 

+0.07 

6 26 

6.20 

6.24 

-0.06 



r 

10 48 

10 54 


+0.06 


10.44 

10 36 


Q 

5 45 

10.76 

10.67 

10.68 

-0.09 

+0.01 


10 39 

10 30 


O 

10.70 

10 68 

10.71 

-0.02 

+0 03 

10 53 

10 45 

10.41 

-6.08 



L 10.73 

10.61 

10.64 

-0 06 

+0 03 

10.53 

10.43 

10 36 

-0.08 



f 0.80 

0.68 

0 76 

-0.12 

+0 08 

0 73 

0 49 

0 49 

-0.24 

A 

4 86 

J 0.75 

0.66 

0 72 

-0 09 

+0.06 

0 54 

0.52 

0 49 

-0.02 

*t 

0.98 

0 68 

0 71 

-0 30 

+0 03 

0 60 

0 53 

0 54 

-0 07 



l 0 84 

0 67 

0.72 

-0.17 

+0 05 

0 62 

0 51 

0.50 

-0.11 



f 2.95 

2 91 

3.07 

-0 04 

+0.16 

3 06 

2.79 

2.80 

-0 27 

n 

3 98 

J 3 05 

2.99 

3.07 

-0.06 

+0 08 

2.84 

2 56 

2 66 

-0.28 

0 

2.99 

2 91 

3 01 

-0 08 

+0 10 

2 96 

2 71 

2 76 

-0.25 



l 3 00 

2 94 

3 05 

-0.06 

+0.11 

2.95 

2 69 

2 74 

-0.26 



f 3.03 

2 90 

3 03 

-0.13 

+0 13 

2 94 

2 71 

2 76 

-0.23 

6 

4 27 

2.97 

2.87 

3 02 

-0 10 

+0 15 

2 91 

2.68 

2 68 

-0.23 

3 10 

2 96 

3.07 

-0 14 

+0 11 

2 90 

2 70 

2 70 

-0.20 



l 3.03 

2 91 

3 04 

-0 12 

+0 13 

2 92 

2.70 

2 71 

-0.22 



f 6.73 

6 77 

6 87 

+0 04 

+0 10 

6.65 

6.55 

6.48 

-0.10 


7 58 

6 84 

6.79 

6.86 

-0 05 

+0 07 

6.54 

6 60 

6 51 

+0.06 

7 

6 61 

6 68 

6.78 

+0 07 

+0 10 

6 54 

6 57 

6 54 

+0.03 



l 6 73 

6 75 

6.84 

+0 02 

+0 09 

6.58 

6 57 

6.51 

-0.01 



f 6.97 

6 88 

6 98 

-0 09 

+0.10 

6 84 

6 56 

6.54 

-0.28 

8 

7 67 

j 6 91 

6 83 

6.89 

-0 08 

+0 06 

6.72 

6.53 

6.54 

-0.19 

] 6 75 

6.66 

6.76 

-0 09 

+0 10 

6 68 

6.48 

6.46 

-0.20 



l 6 88 

6.79 

6.88 

-0.09 

+0.09 

6.75 

6.52 

6.51 

-0.23 



r 4.18 

4 02 

3 94 

-0 16 

-0 08 

4.19 

3.97 

4.08 

-0.22 

9 

8 00 

J 4.19 

4.12 

4 08 

-0.07 

-0.04 

4.04 

3.82 

3.91 

-0.22 

4 16 

4 07 

3.98 

-0.09 

-0.09 

3.97 

3.71 

3.76 

- 0.26 



l 4.18 

4 07 

4.00 

-0.11 

-0.07 

4.07 

3.83 

3.92 

- 0.24 



f 9 50 

9.56 

9.51 

+0.06 

-0.05 

9.35 

9.23 

9.31 

-0.12 

10 

7.63 

9.51 

9.67 

9.59 

+0.16 

-0.08 

9.51 

9.36 

9.43 

-0.15 

9.36 

9.56 

9.50 

+0.20 

-0.06 


9.20 

9.21 

.... 



l 9 46 

9.60 

9.53 

+0.14 

-0.07 

9.43 

9.26 

9.32 

-0.13 
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extraction at temperature of boiling water, 98°C.) 


Undried sample 


Dried sample 


Gain or Gain or Gam or Gain or 

1} hours' 3 hours' 4$ hours’ loss 1$ to 3 loss 3 to 4| 1$ hours' 3 hours' 4£ hours' loss 1| to 3 loss 3 to 4$ 


extract I ver cent ver cent 


1138 1115 11.33 
11 46 11 20 11 23 


-0 23 + 0 18 
-0.26 +0 03 


+0.26I 11 421 11.18 I 11.28 -0.24 | +0 10 


10 65 10 39 
10 84 10 62 


10 75 10 51 

73 0 63 


0.15 +0 05 


5 99 | +0 06 


9.12 9 21 


6 4.1 

-0 04 

(i 54 

+0 03 

6 49 

“TToT 


3 71 

-0 20 

+0 02 

3.60 

-0 12 

-0 07 

9.37 

9 43 

+0 03 
+0 16 

+0 20 
+0.18 




9 40 

+0.09 

+0 19 


0 

.23 

+0 

12 

0 

12 

+0 

15 

0 

18 

+0 

li 

0 

30 

+0 

% 

0 

28 1 

+0 

04 


6 57 

-0 

29 

+0 

05 

3 65 

-0 

26 

+0 

05 

3 61 

-0 

20 

+0 

04 

3 63 

-0 

23 

+0 

04 

9.37 

-0 

13 

+0 

36 

9.51 

+0 

07 

+0 

30 
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Undried sample 



Dried sample 


3 hours’ 
drying 

4J hours’ 
drying 

Gain or 
loss 11 to 3 
hours’ 
drying 

Gain or 
loss 3 to 41 
hours’ 
drying 

11 hours’ 
drying 

3 hours’ 
drying 

41 hours’ 
drying 

Gam or 
loss 11 to 3 
hours’ 
drying 

per cent 
extract 

per cent 
extract 

per cent 

per cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cent 

9 01 

8 98 

9 02 
9.04 

-0 18 

+ 0 01 
+0 06 

9 25 
9.24 

8 99 

8 97 

9 02 

9 01 

-0 26 
-0 27 

9 00 

9 03 

-0 18 

+0.03 

9.25 

8.98 

9 02 

-0 27 

7 24 

7 21 

7 29 

7 25 

-0 18 
-0 07 

+0 05 
+0 04 

7 36 
7.31 

7 16 
7.22 

7 24 

7 39 

-0.20 

-0.09 


0.12 +0 04 

0.11 +0 01 
2 


0 57 +0 23 

0 44 + 0 14 


0 50 

+0 18 

0 24 

+0.12 

0 18 

+0 06 

0 21 

+0 09 

0 24 

+0 12 

0.30 

+0.16 


0 27 

+0 14 

0 29 

+0.11 

0 29 

+0 08 


0.29 +0 09 


9.02 - 0.42 - 0.02 

3.38 -0.33 -0.23 

3.38 - 0.40 - 0.13 


0.15 

+0 13 

0 52 1 

+0 13 

0 56 

+0 18 
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TABLE 4— Continued. 




PETROLIC ETHER 

SAMPLE 

NO. 

MOISTURE 

Undried sample 

Driod sample 





Gain or 

Gain or 




Gain or 



If hoars’ 
drying 

3 hours’ 

4$ hours’ 

loss If to 3 

Iobs 3 to 4f 
hours’ 

If hour’s 

3 hours’ 

4f hours’ 
drying 

loss If to 3 

* 


drying 

drying 

hours’ 

drying 

drying 

hours’ 





drying 

drying 


drying 


per cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cent 

pe? cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cant 



f 3.92 

3.77 

3.75 

-0.15 

-0.02 

2.08 

1.84 

1.86 

-0.24 

23 

5.64 

■ksid 

3.83 

3.81 

-0.13 

-0 02 

1.96 

1.74 

1.75 

-0.22 

3.88 

3.74 

3 72 

-0 14 

-0.02 

1.91 

1.68 

1.66 

-0.23 



l 3.92 

3.78 

3.76 



1.98 

1.75 

1.76 




f 2.14 

2.01 

2.00 



1.83 

1.53 

1.63 


24 


2.18 

2.03 

2.01 



1.59 

1.34 

1.44 

8IJ 

2.10 

1.98 

1.97 


bqqi 

1 51 

1.32 

1.42 




l 2.14 


1.99 

-0.13 

-0.02 

1.64 



Kggl 



f 4.23 

4.28 

4.21 

+0 05 

-0.07 

4 31 


4.13 


25 

9.26 

1 4.47 


4.22 

-0.17 

-0.08 

4.63 

4 22 

4.34 

atlEU 

4.34 

4.32 

4 28 

-0.02 

-0 04 

4.14 

3 99 





l 4.35 

4.30 

4 24 

-0.05 


4.36 

4 07 

4.17 

-0.29 


from different crude petroleums do not give the same percentage of 
extract. 

(5) That the extracts with petrolic ether must be dried at least 3 hours 
to secure constant weight. 

(6) That in general the use of Squibbs ether may be expected to give 
higher results than the official method, although past experience well 
establishes the fact that this increase is not due to the presence of true 
glycerids of the fatty acids. 

(7) That the extraction with absolute ether of samples without previous 
drying will in general give higher results than the official method. 

In view of the results set forth in Table 3 the referee wishes to emphasize 
the absolute necessity of all chemists following the official method in every 
particular if disagreements are to be avoided. 

RECOMMENDATIONS. 

It is recommended that the recommendation of the referee in 1911 
“That the association recognize the petroleum ether method for deter- 
mining fat in cottonseed products” be not adopted for the following 
reasons: 

(1) I do not believe the association should commit itself to the policy 
of recognizing special methods for individual products unless such products 
can not be analyzed by official methods already in use. Cottonseed 
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PB- 

TROLIC 

ETHER 


PENTANE 


Dried 

sample 

Undried sample 

Dried sample 

Gain 
or loss 
3 to 4} 
hours 1 
drying 

hours’ 

drying 

3 hours’ 
drying 

4$ hours' 
drying 

Gam or 
loss to 3 
hours’ 
drying 

Gain or 
loss 3 so 4J 
hours’ 
drying 

H hours' 
drying 

3 hours’ 
drying 

4$ hours’ 
drying 

Gain or 
loss 1| to 3 
hours’ 
drying 

Gam or 
loss 3 to 4} 
hours' 
drying 

per cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cent 

per cent 

per cent 
extract 

per cent 
extract 

per cent 
extract 

per cent 

per cent 

+0 02! 
+0.01 
-0.02 

1 

i 

J 

[ 2.48 
[ 2 39 

2 05 

1 95 

1 92 

1 83 

-0 43 
-0.44 

-0 13 
-0.12 

1 82 

1 84 

1.70 

1 76 

1 62 

1 69 

-0 12 
-0 08 

-0.08 
-0 07 

+0.01 

+0.10 
+0 10 
+0.10 

] 

2 14 

2 00 

1.88 

-0 44 

-0 12 

1 83 

1 73 

1 06 

-0 10 j 

-0 07 

1 

J 

[ 1 28 
’ 1 27 

0.94 

0 90 

0 80 

0 79 

-0 34 
-0 37 

-0 14 
-0 11 

0 97 

0 96 

0 93 

0 91 

0 87 

0 83 

-0 04 
-0 05 

-0 06 
-0 08 

+0.10 


1 28 

0 92 

0 80 

-0 36 

-0 12 

0.97 

0 92 

0 85 

-0 05 

-0.07 

+0.12 

+0.1* 

+0.04 

.1 

J 

4 03 
r 4 01 

4 09 

4 04 

4 14 

4 02 

+0 06 
+0 03 

+0 03 
-0 02 

3 98 

4 10 

3 95 

4 04 

3 92 

3 99 

-0 03 
-0 06 

-0.03 
-0 05 

+0 10 

4 02 

4 07 

4.08 

+0 05 

+0 01 

4 04 

4 00 

3 96 

-0.04 

-0.04 


products arc not of such a nature as to preclude determination of the 
crude fat by the present official method. 

(2) The time of extract on proposed for the petroleum ether method 
does not give maximum results and when the extraction and time of dry- 
ing the extract is extended to accomplish this result, very little if any 
time is saved. In addition the question of time and cost should not be 
the controlling factors in official work. 

(3) The comments of analysts last year indicate that much greater 
difficulty was experienced in securing constant extraction with petroleum 
ether than with ethyl ether and the experience of the referee and his 
assistants has been that as extraction proceeds it is necessary to add 
fresh petroleum ether to secure continuous action of the solvent. 

(4) Results reported show that the presence of moisture in the sample 
has a decided influence on the amount of extract obtained from different 
feeding stuffs and that to some extent at least it affects the determina- 
tion in cottonseed products. Hence to obtain accurate results diying the 
sample in hydrogen before extraction seems necessary. 

(5) Petrolic ether is not of definite or stable composition and results 
of two analysts on the same sample may be widely at variance owing to 
the use of petrolic ethers from different sources. This fact is especially 
important at this time owing to the large demand for gasoline and similar 
petroleum products. 
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(6) The difference in cost between the two methods on the basis of the 
cost of solvents is a negligible quantity. 

(7) The recognition of the petroleum ether method by the association 
would make official two methods which do not give concordant results and' 
would lead to endless disagreements. If petrolic ether is substituted for 
ethyl ether as the solvent, comparison with past results will be impossible 
since the latter has been used almost exclusively for fat determinations in 
the past. 

The referee desires to express his appreciation to F. D. Fuller for assist- 
ance and advice in preparing this report, and to R. E. Nelson, C. Cutler, 
and J. H. Roop for analytical results. 


REPORT ON SUGAR AND MOLASSES. 

\ 

By W. E. Cross, Referee. 1 

The cooperative work on sugar and molasses methods was planned 
along the lines suggested by previous work. The method involving the 
use of the Abb 6 refractometer has already been admitted as a provisional 
method for molasses, and it was considered desirable to continue the in- 
vestigations to ascertain whether the methods of determining the water 
content of sugars with this instrument were reliable, and, furthermore, to 
determine whether the immersion refractometer could be satisfactorily 
applied to the determination of moisture in sugar products. The plan 
also included a comparison of the new direct polarimetric method for 
molasses with the official Clerget method. 

Three samples, a raw sugar, a centrifugal molasses, and a blackstrap 
molasses, were sent to twelve prospective cooperators, but many of these 
found the pressure of other work too great to allow them to contribute to 
this work. 

The following instructions accompanied the samples: 

INSTRUCTIONS FOR COOPERATIVE WORK. 

MOISTURE IN SUGAR (1 SAMPLE). 

(1) Determine moisture in the sugar sample by the official method (Bur. Chem. 
Bui. 107, Rev., p. 64). 

(2) Determine moisture in the sugar sample by following method: Weigh 20 
grams of the sugar into a tared flask, and add about 20 grams of water. (An ordi- 
nary 100 cc. sugar flask with narrow neck is suitable.) Then stopper the flask 
to prevent evaporation, and dissolve the sugar completely by shaking. The total 
solids value, of the solution is obtained by the Abb6 refractometer, and temperature 
correction applied. 


1 Presented by P. F. Trowbridge. 
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2000 — XY 

Percentage of moisture in sugar = --- 

X = Percentage of total solids of solution. 

Y = Weight of sugar and water. 

3. Determine moisture in sugar by the following method: Weigh out 20 grams of 
the sugar, dissolve in a 100 cc. flask, and make up the solution to the mark. Read 
off the refractive value of this solution by means of the immersion refractometer 
(temperature must be constant and carefully noted). From this value the moisture 
content of the sugar is obtained by reference to the tables. 1 

It is desirable that the refractometric determinations on sugars should be made 
with extreme care, very special attention being paid to the temperatures, which 
must be constant and carefully noted. Small errors in temperature reading will 
produce serious differences in results. 

moisture in molasses (2 samples). 

(1) Determine moisture in molasses by the official method (Bur. Chem. Bui. 
107, Rev., p. 65.) 

( (2) Determine moisture by the immersion refractometer, using the following 

method. Weigh out 20 grams into a 100 cc. flask, and after dissolving make up to 
mark. Determine dry substance of this solution by means of the immersion re- 
fractometer. If the tables are not available, give refractometer reading and tem- 
perature. 

polarization of molasses (2 samples). 

Determine the true sucrose content of the samples by the official methpd (Bur. 
Chem. Bui. 107, Rev., p. 40). 

Determine true sucrose content of the samples by the following direct method. 
Dissolve normal weight of molasses and make up to 100 cc. Transfer 50 cc. of the 
solution to another 100 cc. flask; add 6.3 cc. of sodium liydroxid solution (36° Baum£) 
and 7.5 cc. of hydrogen peroxid (30 per cent by weight, 100 per cent by volume). 
Careful cooling is necessary to prevent a too violent effervescence (ether from a 
dropping funnel can be used to advantage in preventing excessive foaming). Cool- 
ing in water or ice is helpful in moderating the somewhat vigorous reaction. After 
effervescence has almost stopped, immerse the flask in a bath at 55°C. for 20 minutes. 
Cool the liquid, make slightly acid with acetic acid, and make up to mark. After 
clarification with dry lead subacetate, filter and polarize the solution. The reading 
multiplied by 2 gives the percentage of true sucrose in the molasses. 

Please report all temperatures and concentrations used. 

It is desirable that the cooperative work should be carried out as soon 
as possible after receipt of the samples, as deterioration and fermentation 
are likely to take place if the samples are allowed to stand any length of 
time. 

RESULTS OF COOPERATIVE WORK. 

MOISTURE IN SUGARS. 

The object of this work was to determine to what extent the refractometric 
method could be applied to the analysis of sugars. The results are presented in 
Table 1: 


1 International Sugar Journal, 1911, 13: 90; La. Agr. Expcr. Sta., Bui. 135, p. 13. 
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TABLE 1. 


Moisture in sugars. 


ANALYST 

OFFICIAL 

METHOD 

ABBJ& 

REFRACTOMETER 

IMMERSION 

REFRACTOMETER 

W. E. Cross, New Orleans, La 

per cent 

1 280 

per cent 

0 99 

per cent 

1.000 

G. H. Hardin, New York, N. Y... . 

1.220 

0.95 


C. L. Clay, New Orleans, La 

1.278 

0 84 

0.960 

S. F. Sherwood, Washington, D. C. 


0.46 

1.120 

C. J. Hough, Washington, D. C 

1.175 

0.46 

1 015 

Average 

1 259 

0.74 

1 024 


1 After 14 hours, 1.42 per cent. 


From the results sent in it would appear that the refractometric meth- 
ods for sugar are not entirely satisfactory. It is recommended, however, 
that this work be tried out again, as there is no theoretical reason why 
the refractometer should give results which are so different from the dry- 
ing values. While it may be admitted that very slight errors in read- 
ing, or in temperature connection, will produce serious errors in the values 
for moisture in the sugar, and furthermore that the limits of possible error 
with both instruments are rather wide, it is still thought that, with more 
experience with the methods, results in better accord with the true values 
might be obtained. 


MOISTURE IN MOLASSES. 

Unfortunately, very little cooperation was offered in this part of the 
work. The results obtained, however, as will be seen from Table 2, were 
promising, and made it desirable to continue the work in a succeeding year. 
This method is distinctly the quickest and most convenient for a dark 
molasses, so that it is important to discover whether or not accurate re- 
sults can be obtained in this way. 


TABLE 2. 

Moisture in molasses. 



FIRST CENTRIFUGAL MOLASSES 

BLACKSTRAP MOLASSES 

ANALYST 

Official 

method 

Immersion 

refractometer 

Official 

method 

Immersion 

refractometer 


per cent 

per cent 

per cent 

per cent 

Wm. E. Cross, New Orleans, La. 

24.800 

25.00 

22 00 

21.30 

C. J. Hough, Washington, D. C. 
S. F. Sherwood, Washington, 

27 035 

27.50 

26 10 

24.75 

D. C 

'25. 890 

27.65 

*24.24 

25.35 

Average 

25 900 

26.71 

24.11 

23.80 


1 27.10 in 14 hours. 
9 26.22 in 14 hours. 
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POLARIZATION OF MOLASSES. 

The results obtained with the determination of sucrose by direct polari- 
zation were gratifying, and show that the method is well deserving of 
urther study, especially as these results only confirm the satisfactory re- 
sults obtained in the referee work of last year. The method is much 
quicker and simpler to operate than the Clerget determination, so that if it 
were proved reliable it would be of much service to the sugar chemist. 

The results of the cooperative work arc presented in Table 3. 

TABLE 3. 


Polarization of molasses. 


ANALYST 

FIRST CENTRIFUGAL MOLASSES 

BLACKSTRAP MOLASSES 

Official method 

Direct, method 

Official method 

Direct method 

Wm. E. Cross, New Orleans, 

p<r cent 

solution^ 

per cent 

solution 

per cent 

solution 

per cent 

solution 

La . . 

H. Z. E. Perkins, New Or- 

43 03 

N 

-J 

43 10 

N 

29 0 

N 

ft 

27 40 

N 

J 

leans, La . . 

G. H. Hardin, New York, 

43 30 


43 05 


29.2 


30 05 


N. Y. . . 

S. F. Sherwood, Washing- 

43 75 

N 

2 

43 60 

N 

2 

29 54 


30 80 


ton, D. C 

C. J. Hough, Washington, 

43 57 


42 12 


23 64 


27 55 


D. C... .... 

C. L. Clay, New Orleans, 

43 12 


43.05 


28 94 


28.40 


La . 

41.00 


42.44 


>41 0 


*42.44 


Average 

42.97 


42.69 


29.064 


28. 84 



1 Omitted from average 


RECOMMENDATIONS . 

It is recommended that, (1) the refractometric methods for determin- 
ing the moisture content of sugars, (2) the determination of the moisture 
content of molasses by means of the immersion refractometer, and (3) the 
direct determination of sucrose in molasses, be further studied. 

REPORT ON TESTING CHEMICAL REAGENTS. 

By J. B. Rather, Referee . 

The work conducted by the referee differs somewhat from that taken 
up by the Committee on Testing of Chemical Reagents. The committee 
seems to have studied the impurities in the various reagents without re- 
gard to the probable effects of impurities on any particular determination. 
The referee has limited his work to a few reagents and has tested only for 
these impurities likely to be present which may affect the results of spe- 
cific determinations, or whose effect on the results is not known. 
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The purity and strength of crude caustic soda, molybdic acid, commer- 
cial citric acid, and ethyl ether have been studied in regard to their suita- 
bility for the determination of nitrogen, phosphoric acid, insoluble phos- 
phoric acid and ether extract respectively. 

Since it could not be foretold what methods would be needed, it was 
considered best to conduct all the analytical work for this year in this 
laboratory, with the view of testing cooperatively next year, methods for 
the determination of those impurities whose nature and amount may 
justify it. 

About ten samples each of crude caustic soda, molybdic acid, and com- 
mercial citric acid, were sent in by the following cooperators, and were 
examined with the results given in this report: R. C. Thompson, Fayette- 
ville, Ark., Wm. G. Gaessler, Ames, la., A. E. Vinson, Tucson, Ariz., W. 
J. Jones, jr., Lafayette, Ind., Wm. P. Headden, Ft. Collins, Col., T. 0. 
Smith, Durham, N. H., W. A. Withers, West Raleigh, N. C., J. T. Wil- 
liard, Manhattan, Kans., Wm. Frear, State College, Pa., E. Van Alstine, 
Urbana, 111., H. D. Haskins, Amherst, Mass. 

CRUDE CAUSTIC SODA. 

Methods for the determination of sodium hydroxid and sodium carbonate in 

crude caustic soda. 

While the presence of a small amount of sodium carbonate is probably 
not objectionable in nitrogen determinations, a large amount tends to 
cause frothing, and for that reason it was thought desirable to find a satis- 
factory method for its determination. The amount of sodium hydroxid in 
crude caustic soda should be known because samples are likely to vary 
considerably in their content of this substance, and, therefore, a satur- 
ated solution, or one with an arbitrary percentage of crude caustic soda, 
is likely to vary greatly in its content of sodium hydroxid. 

(I) Quantitative determination and determination of sodium carbonate content 
(Krauch-Merck) . — Dissolve 2 grams of crude caustic soda in 200 cc. of water and 
titrate 20 cc. with fifth-normal hydrochloric acid in the cold, using phenolphthalein 
as an indicator. When the red color has disappeared, read the burette, add a drop 
of Methyl Orange, and titrate further until the color changes to red. Subtract 
the last reading from the first and multiply by 4. The result is percentage of so- 
dium hydroxid. Multiply the last reading by 10.6 ; the result is percentage of sodium 
carbonate. 

(£) (Sutton). — Place 100 cc. of the above solution in a 200 cc. flask, add 10 cc. 
of 10 per cent barium chlorid, heat to boiling, shake well, and let cool. Make up to 
volume, filter through a dry filter into a dry flask and titrate 40 cc. with fifth-normal 
hydrochloric acid and phenolphthalein. Multiply the reading by 4 to get percentage 
of sodium hydroxid. Subtract the reading from the sum of the two readings ob- 
tained in (1) and multiply the remainder by 5.3. The result is the percentage of 
sodium carbonate. 
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(S) Determination of sodium carbonate by precipitation as barium carbonate . 
(Sutton). — Dissolve 2 grams of crude caustic soda in water, add barium chlorid so- 
lution and heat to boiling. Filter and wash w r ith hot water; dissolve the barium 
carbonate from the filter with 15 cc. of fifth-normal hydrochloric acid, wash well and 
titrate the filtrate, after boiling to expel carbon dioxid, with tenth-normal sodium 
hydroxid and phcnolphthalein. Multiply fifth-normal acid consumed by 0.53; the 
product is percentage of sodium carbonate. 

(4) Determination of sodium carbonate by direct titration (Referee 7 s modification). 
—Dissolve 2 grams of crude caustic soda in water and titrate with approximately 
twice-normal hydrochloric acid and phcnolphthalein until the color fades. Titrate 
another 2-gram portion, using 0.5 cc. less of the twice-normal acid. Now titrate 
this solution with fifth-normal hydrochloric acid until the color fades; read the 
burette, add 2 or 3 drops of Methyl Orange, and titrate until the color changes. 
The number of cubic centimeters of fifth-normal acid required to change the color 
of the Methyl Orange multiplied by 1.06 gives the percentage of sodium carbonate. 

TABLE 1. 


Determination of sodium hydroxid and sodium carbonate in crude caustic soda by 

different methods. 


IjAUORA- 

TORY 

NO. 

DESCRIPTION 

SODIUM HYDROXID 

BODIUM CARBONATE 

(1) 

Krauch-Merck 

e I 

•*> 

9 

to 

„ u ( - 1} 

With titration 

solution dou- 
bled 

M 

i 

c-A 

o 

s 

M 

3 

9 

to 

(3) 

Barium chlorid 

(4; 

Referee 



per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

7022 

Greenbanks (98 per cent) 

93 2 

91 6 


2 7 

2 4 



7023 

do 

93 4 

91 8 


2 1 

2.1 

6 0 

2 0 

7024 

do 

93 3 

92 0 


3 2 

2.8 

5 0 i 

1 6 

7025 

Hercules . .... 

77.0 

75 6 


3 2 

2 5 

5 5 

2 8 

7036 

Greenbanks (98 per cent) . 

93 0 

94 4 

92 2 

2 7 

3 5 

4 5 

2 3 

7043 

Baker and Adamson’s Electrolytic 









(98 per cent) 

91.6 

92 8 


3 2 

1 6 

4 4 

1 3 

7134 

Greenbanks (98 per cent) 

93 2 

92 8 

91 6 

3 2 

3 2 

4 6 

2 1 

7137 

Electrolytic (98 per cent) 

91 6 

91 6 

91 2 

3 2 

3 2 

4.8 

2 4 

7140 

Henry Heil Chemical Co. Electro- 









lytic (98 per cent) ... 

92 4 

92 4 

91 8 

3 2 

3.2 

4 4 


7143 

Greenbanks (98 per cent) 

94 8 

95 2 

95 0 

3 2 

2 7 

3.8 



All of the samples except one contained more than 90 per cent of sodium 
hydroxid and that one (No. 7025) contained only about 75 per cent. The 
determinations of sodium hydroxid by Methods (1) and (2) leave much to 
be desired in the way of agreement. In both of these methods 0.1 cc. is 
equal to 0.4 per cent of sodium hydroxid, and it is evident that the error 
in titration could easily be more than 0.25 cc., equivalent to 1 per cent. 
While great accuracy is not necessary in this work, the limit of error could 
be cut in half by doubling the amount of sodium hydroxid solution taken 
for titration. This has been done in a few cases (see Column 5 in table). 
The results, however, do not differ materially from those by Methods (1) 
and (2). 
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Method (1) modified so as to double the amount of solution taken for 
titration, appears to be more convenient and equally as reliable as Method 
(2) and should be studied further. 

Methods (1) and (2) for the determination of sodium carbonate gave 
discordant results, both among duplicate determinations and determina- 
tions by the different methods. This is due largely to the fact that 0.1 
cc. of fifth-normal acid is equal to 0.53 per cent sodium carbonate; the 
error of titration could easily affect the result 1 per cent or more, and 
these methods are, therefore, considered too rough for even approximations. 
Results by Method (3) are much higher than by (1) and (2). 

With Method (4) the samples of sodium hydroxid were by this time 
nearly exhausted and had no doubt taken up water from the air. The 
results may not be strictly comparable with those obtained by the other 
methods. The following results on No. 7023 were obtained with this 
method: 1.8, 1.9, 2.0 per cent. This method should be studied further. 

The amount of sodium carbonate found in these samples, docs not ap- 
pear to be excessive, but further work is necessary before a limit to the 
amount allowed could be set. 


Conditions affecting the determination of nitrogen in caustic soda. 

(A) Effect of the amount of sodium hydroxid on the apparent nitrogen . — 
This work was undertaken to see if it would be desirable to determine the 
percentage of nitrogen directly, a large amount of the caustic soda being 
used. The methods used were as follows: 

(1) Put 100 grams of caustic soda in a Kjeldahl flask with a little granulated 
zinc and distill into a receiver containing 5 cc. of fifth-normal hydrochloric acid. 
Titrate the excess of acid with tenth-normal ammonia and cochineal and report 
cubic centimeters of acid consumed. 

(2) Proceed as in (1) but use 40 grams of caustic soda (this weight is contained 
in the volume of solution generally used in nitrogen determinations). 

TABLE 2. 


Effect of the amount of sodium hydroxid on apparent nitrogen. 


LABORATORY NO. 

FIFYH*NORMAL HYDROCHLORIC ACID -CONSUMED 

Method 1 

Method 2 


cc. 

cc. 

7022 

1.80 

0.15 

7023 

0.65 

0.10 

7024 

0.50 

0.20 

7025 

0.40 

0.05 

7036 

0.45 

0.30 

7043 

0.55 

0.10 

7134 

1.80 

0.15 

7137 

1.05 

0.20 

7140 

0.60 

0.20 

7143 

0.80 

0.05 

Average 

0.86 

0.15 
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The acid consumed when 100 grams of caustic soda were taken, was 
in most cases much higher than when 40 grams were taken, averaging 
0.86 cc. for the former and 0.15 cc. for the latter. This would correspond 
to an error in determination, when 0.7 gram is taken for analysis, of 0.344 
and 0.060 per cent of nitrogen respectively. If the 0.15 cc. represented 
ammonia, in the cases where 40 grams of caustic soda were used, then the 
acid consumed by the distillate from 100 grams should be 2\ times 0.15 or 
0.38 cc. The result actually obtained, however, was 0.86, more than 
twice as much. It appears, therefore, that some of the caustic soda was 
carried over mechanically, thus causing an increase in the apparent ni- 
trogen. The use of 100 grams of caustic soda in the determinates of nitro- 
gen is undesirable and leads to erroneous results. 

(B) Effect of the addition of sulphuric acid on the apparent nitrogen . — 
Since the use of 100 grams of caustic soda gave erroneous results, probably 
due to spitting of the alkali solution, it appeared possible that this same 
effect might be found when only 40 grams were used. In order to test this 
point and more nearly duplicate the conditions of an actual determination 
of nitrogen the following methods were used : 

(1) Proceed as in Method (2) given under (A). 

(2) Proceed as in (1), but add a solution containing 23 cc. of concentrated sul- 
phuric acid to the soda before distillation, making sure that the solution is alkaline 
by means of phenolphthalein after the addition of the acid. 


TABLE 3. 

Effect of addition of acid {concentrated sulphuric) on apparent nitrogen. 


U MIGRATORY NO 

40 C.RAMS OF SODIUM HYDROX1D 

Method 1 
(no and) 

Method 2 

23 c*c oi concentrated sulphuric 
in id 


cc fifth-normal acid used 

cc. fifth normal acid used 

7022 

0.13 

0.15 

7023 . . 

0 20 

0 10 

7024 

0.15 

0 20 

7025 . 

0 13 

0 05 

7036 . . 

0.15 

0 30 

7043 . . 

0 13 

0 10 

7134 . . . 

0 20 

0 15 

7137 

0 17 

0.20 

7140 . . 

0 17 

0 20 

7143 

0.20 

0 05 

Average 

0 10 

0 15 


The amount of acid consumed by the distillates in the two methods 
showed no wide variations and averaged practically the same, 0.16 cc. 
and 0.15 cc., for Methods (1) and (2) respectively. This would corrc- 
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spond to an error in determination, when 0.7 gram of substance is taken, 
of 0.064 and 0.060 per cent of nitrogen. 

From these results it appears that the use of sulphuric acid has no 
effect on the results when 40 grams of caustic soda are used; its use is 
therefore considered unnecessary. 

(C) Effect of redistillation of distillate on the apparent nitrogen . — To 
test more conclusively whether the apparent nitrogen in the caustic soda 
was due to such causes as spitting, errors of solution and mensuration, 
six portions of 76 cc. each of a stock solution of caustic soda (Greenbanks), 
containing about 40 grams of sodium hydroxid, were distilled with a little 
zinc into fifth-normal hydrochloric acid after dilution with water, and the 
amount of acid consumed determined. 

(1) Six portions of the same solution were distilled into distilled water, the 
distillate returned to a clean Kjeldahl flask and again distilled, without the addi- 
tion of anything, into fifth-normal hydrochloric acid. 

(2) The same amount of fifth-normal hydrochloric acid used in all the receivers 
(5 cc.) was measured out and diluted to about the same volume (400 cc.) as the 
usual distillate. The usual volume of cochineal solution was then added and the 
solution titrated against tenth-normal ammonia. The amount of ammonia required 
to neutralize the acid was divided by 2 and subtracted from the volume of acid 
taken. This correction for errors of solution, mensuration, and personal factor 
(depth of tint of color to which titrated, etc.) was applied to the average results. 

TABLE 4. 


' Effect of redistillation of distillate on apparent nitrogen. 


LABORATORY NO. 

METHOD 1 
(Distilled once) 

i 

METHOD 2 

(Redistilled distillate) 

1 

cc fifth-normal acid used 

0.30 

cc. fifth-normal acid used 

0.40 

2 

0.45 

0.40 

3 

0.55 

0.30 

4 * 

0.45 

5 

0.55 


6 

0.45 

6.50 


Average 

0.46 

0.40 



Corrected for errors of solution, etc. (0.20 cc.), Method (1), 0.26; 
Method (2), 0.20; error in determination when 0.7 gram is taken. Method 
(1), 0.104; Method (2), 0.080 per cent of nitrogen. 

The average amount of acid consumed by the solution which was dis- 
tilled once (1) was 0.26 cc. (corrected), while that consumed by the redis- 
tilled product (2) was 0.20 cc. This would correspond to an error of 0.104 
and 0.080 per cent nitrogen respectively when 0.7 gram is taken for analy- 
sis. The differences are small and well within the limit of error. The 
point, however, deserves further study. It will be noted that the cor- 
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rection applied was —0.20 cc., that is, the tenth-normal ammonium hy- 
droxid required to neutralize 5 cc. of fifth-normal hydrochloric acid was 
only 9.80 cc. instead of 10 cc. as required by theory. This large difference 
was not found in our previous work. The average of a number of tests by 
two analysts gave the figure, —0.03. 

MOLYBDIC ACID. 

Methods for the determination of molybdic anhydrid . 

The lead molybdate method recommended by Krauch-Merck was used 
first, but this proved very tedious and a slight modification made by the 
referee was used. Attempts were made to devise a suitable volumetric 
method for the determination of molybdic anhydrid. It was found that 
comparable results could not be obtained in a volumetric determination 
in the presence of the necessary excess of phosphoric acid, unless the con- 
ditions as to acidity were exactly the same. Ammonium nitrate solution 
was accordingly used instead of nitric acid and ammonium hydroxid. 

The methods as finally used are as follows: 

(I) ( Kravch-Merck ). — Dissolve 0.5 gram of molybdic acid in 50 cc. of water and 
1 cc. of ammonium hydroxid, heating gently. Acidulate with 5 cc. of acetic acid, 
dilute to 200 cc. with water, heat to boiling and add a filtered solution of 1.5 gram of 
crystallized lead acetate in 20 cc. of water. Boil several minutes, stirring con- 
stantly. Collect the precipitate on a filter dried at 100°C. and wash with boil- 
ing water. Dry the precipitate to constant weight at 100°C. and ignite a portion. 
PbMoC >4 X 0.39247 = Percentage of Mo0 8 . 

(£) ( Referee’s modification of (/). — Dissolve 0.5 gram of molybdic acid in 50 cc. 
of water and 1 cc. of ammonium hydroxid, heating gently; filter if necessary; acidu- 
late with 5 cc. of acetic acid, dilute to 200 cc. with water, heat to boiling, and add 
a filtered solution of 1.5 gram of crystallized lead acetate in 20 cc. of water. Boil 
several minutes, stirring constantly. Allow to settle a minute or two and decant 
through a Gooch crucible with a fairly thick felt, which has previously been ignited 
and weighed. Wash by decantation 10 times with 50 cc. portions of boiling water, 
allowing about a minute for the precipitate to settle each time . Transf er the precipi- 
tate to the Gooch and remove the water by suction. Ignite the precipitate with a 
blast lamp without further drying, cool, and weigh. The ignited precipitate is 
Pb Mo0 4 . 

Pb M 0 O 4 X 78.494 - Percentage of MoOj. 

(3) (Referee). — Dissolve 10 grams of molybdic acid in 15 cc. of ammonium hy- 
droxid and 27 cc. of water and pour into 55 cc. of nitric acid and 100 cc. of water 
in a 200 cc. flask slowly and with constant shaking. Cool and make up to volume 
with water. Allow to settle overnight and filter. Add a solution containing 0.040 
gram of PjO# (sodium phosphate) to 75 cc. of water in a beaker, and add a solution 
containing 7.5 grams of ammonium nitrate. Heat to 65°C. and add 20 cc. of the 
molybdate solution. Complete as for volumetric phosphoric acid. The number 
of cubic centimeters of standard potassium hydroxid consumed multiplied by 2.6941 
gives the percentage of MoOa in the molybdic acid. 
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TABLE S. 

Molybdic anhydrid in molybdic acid by various methods . 


LABORA- 
TORY NO. 


SOURCE OP SAMPLE 


METHOD 1 METHOD 


per cent per cent 


2 METHOD 


per cent 


3 


7019 

7020 

7021 
7026 

7038 

7039 
7042 
7135 
7138 
7141 
7144 


In 50 pound kegs, purity unknown 

Kalbaum's I 

Eimer and Amend (85 per cent) 

Merck, Molybdic anhydride (99.5-100 per 
cent) * 

Mallinkrodt, Molybdic acid 

Molybdic acid (10 years old) 

Merck, Molybdic anhydride 

Marquard, Molybdic acid c. p 

Molybdic acid (85 per cent) 


85.8 
99.0 
91.7 
} 100.5 
100.4 


Merck, Molybdic acid 

B. & A. Molybdic acid, c. p. (99.9 per cent) 


! 85.04 
85.60 
100.96 
101.02 
92.20 
92.23 
/ 100.05 
\ 100.53 
/ 101 .44 
1 100.48 
/ 85.79 
1 85.45 
/ 93.55 
1 92.64 
/ 75.16 
1 75.25 
/ 85.59 
\ 85.58 
/ 90.70 
1 90.84 
/ 100.67 
\100 93 


} 

96.25 

94.36 

97.26 
} 97.65 
} 87.90 

5 94.29 
78.07 
88.30 
} 92.89 
] 97.33 


The results by the Krauch-Merck method (1) do not differ greatly from 
those by the method as modified by the referee; (2) the only difference 
in the methods is in manipulation. The original method requires practi- 
cally 2 days to complete a determination, while a single determination by 
the modified method can be completed with good suction in 2 hours, and 
six determinations have been completed in 3 hours. The results by the 
volumetric method, (3), vary from 4.8 per cent below to 1.2 per cent above 
the average results 6f Method (2). In no case are they the same. The 
factor 2.6941 used in calculating these results was obtained by dividing 
the average of the results by Method (2) by the average of three closely- 
checking determinations of standard potassium hydroxid consumed by the 
phosphomolybdate precipitate, and using the average of the figures thus 
obtained. It is evident that, if there is any constant relationship between 
the potassium hydroxid consumed by the molybdate precipitate under the 
conditions, and the content of molybdic anhydrid in the molybdic acid, 
results obtained by the use of the factor would at least approximate those 
by Method (2). This is not the case; the results are invariably low when 
the samples are high in molybdic anhydrid and high when they are low in it. 
The volumetric method (3) can not, therefore, be used as a reliable method 
for the determination of molybdic anhydrid in molybdic acid. Method 
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(2), the modified Krauch-Merck method, is more rapid than either of the 
other two, gives closely-checking results and seems to be the most desir- 
able of the three. 

It will be noted that by Method (2) some of the samples of molybdic 
acid contain over 100 per cent of molybdic anhydrid. These samples 
were described as molybdic anhydrid (Mo0 3 ), and all had a bluish tint 
due to the presence of other oxids of molybdenum (Krauch-Merck, p. 18). 
These oxids, M0O2 and M02O3, contain more molybdenum than M0O3, 
and this probably accounts for the higher results. Molybdic acid, 
H2M0O4, contains about 88.9 per cent Mo0 3 , and H2M0O4H2O contains 
about 80.0 per cent. The ordinary 85 per cent molybdic acid is probably 
a mixture of these two compounds, but the content of sample No. 7135, 
which is described as molybdic acid c. p. is 75.16 per cent of M0O3. This 
figure is too low to be accounted for by this hypothesis. 

The samples examined varied from 75.16 per cent to over 100 per cent 
of molybdic anhydrid. Sample No. 7021, claimed to be 85 per cent 
molybdic anhydrid, contained 92.2 per cent, while Sample 7042, claimed 
to be molybdic anhydrid, contained only 93.1 per cent of molybdic anhy- 
drid. Molybdate solutions prepared by the official method from 7144 
would have a precipitating power 33 per cent greater than 7135. In the 
official methods H 2 Mo0 4 (85 per cent) is probably meant by “ molybdic 
acid,” but nearly half of the cooperators seem to be using the anhydrid, 
M0O3. 


phosphoric acid in molybdic acid. 

Total phosphoric acid, phosphoric acid in the official molybdate solu- 
tion, and sulphates were determined. The methods follow: 

(1) Total phosphoric acid . — Dissolve 1 gram of molybdic acid in a few cubic cen- 
timeters of ammonium hydroxid, dilute to about 75 cc. and acidify with nitric acid. 
Heat at 65°C. for 15 minutes and complete as for volumetric phosphoric acid. 

{2) Error in phosphoric acid determinations caused by phosphoric acid in molybdate . 
Prepare the solution as described in (3) under Methods for the Determination of 
Molybdic Anhydrid. Dilute 50 cc. with about 25 cc. of water, digest and complete 
as for volumetric phosphoric acid. Calculate to phosphoric acid on the basis of 0.2 
gram taken for analysis. 

(5) Sulphates in molybdic arid. — Dissolve 1 gram of molybdic acid in 2 cc. of 
ammonium hydroxid, heating gently, dilute to 150 cc. and acidify with hydrochloric 
acid, and heat to boiling. Add barium chlorid solution and allow the precipitate 
to settle. Filter and complete as usual. 
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TABLE 8. 


Phosphoric acid and sulphates in molybdic acid . 


LABORATORY NO. 

METHOD (1), TOTAL 
PHOSPHORIC ACID 

METHOD (2)* ERROR IN 
PHOSPHORIC ACID 
DETERMINATIONS 

METHOD (3) 1 
SULPHATES 


per cent 

per cent 


7019 

0.00 

None 

None 

7020 

0.00 

None 

None 

7021 

0.00 

None 

None 

7026 

0.00 

None 

None 

7038 

0.00 

None 

None 

7039 

0.00 

0.08 

None 

7042 

0.00 

0.04 

None 

7135 

0.00 

0.04 

None 

7138 

0 01 

0.01 

None 

7141 

0.00 

0.04 

None 

7144 

0.01 

0.05 

None 


1 No visible precipitate formed in any case, those marked ** None” were not completed. 


Only two samples of molybdic acid contained an appreciable amount^ of 
phosphoric acid and these only 0.01 per cent. In the determinations of 
phosphoric acid in the official molybdate solution no visible precipitation 
formed in any case and a number of the determinations were not carried 
further. The figures given under Method (2) represent merely errors of 
titration. The presence of sulphates was considered because of their 
probable effect on the determination of molybdic anhydrid by the lead 
method. No visible precipitates formed, and the determinations were not 
completed. 

It appears that the errors introduced by phosphoric acid in molybdic 
acid are insignificant. The question of the effect of sulphates on the 
determination of molybdic anhydrid in molybdic acid should be studied 
further. 


CITRIC ACID. 

The samples of citric acid were tested for ash and oxalic, tartaric, and 
sulphuric acids, and sugars. The following methods were used: 

Methods . 

Total sugars in citric acid. — Dissolve 10 grams of citric acid in 25 cc. of water 
and add 5 cc. of concentrated hydrochloric acid. Heat in a water bath to 69°C. in 
about 3 minutes and maintain at this temperature about 7 minutes, making a total 
heating of 10 minutes. Remove from bath, cool rapidly to room temperature, neu- 
tralize with sodium carbonate, determine reducing sugars by Ailihn's method, and 
determine the reduced cuprous oxid by Low's volumetric method. 

Oxalic and tartaric acids. — Dissolve 10 grams of citric acid in 20 cc. of water and 
add 5 cc. of 1 to 2 potassium acetate solution and 50 cc. of 85 per cent alcohol. No 
turbidity should be produced, nor should a crystalline form appear within 2 hours. 

Tartaric acid and sugar {qualitative). — Grind 1 gram of citric acid and 10 cc. of 
sulphuric acid together in a porcelain mortar previously rinsed with sulphuric acid. 
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When this mixture is heated in a test tube for an hour in a boiling water bath, it 
acquires at most a slight yellow color, but no brown color should develop. 

Ash . — Ignite 10 grams in a tared porcelain crucible and weigh. 

Sulphuric acid . — Dissolve 10 grams in water and acidify with hydrochloric acid. 
Add barium chlorid and complete in the usual manner. 

Oxalic acid . — Neutralize a solution containing 10 grams of citric acid with am- 
monium hydroxid and acidify strongly with acetic acid. Add calcium chlorid and 
let stand a few hours, filter and wash. Ignite the precipitate and weigh. Calculate 
the amount of the oxalic acid present from the weight of the lime precipitate. It 
should be remembered that calcium citrate precipitates from the above solution 
when it is only weakly acid, when heated, or when it stands overnight. 

Tartaric acid {qualitative ). — Dissolve 0.5 gram of the sample in 10 cc. of water 
and add, drop by drop, to 15 cc. of lime water. No turbidity should be produced. 

In the samples examined, the ash contents varied from 0 to 0.05 per 
cent and averaged 0.02 per cent. The amount of ash constituents intro- 
duced into 100 cc. of citrate solution would vary from 0 to 0.0Q93 grams. 
The weight 0.0093 is negligible when the relative amounts of soluble bases 
brought into solution by the citrate are considered, and for that reason 
no further examination of the ash was made. 

No oxalic acid was found in the samples examined. The amount of 
total sugar, calculated as dextrose, varied from 0 to 0.029 per cent and 
averaged 0.005 per cent. All but two of the results for sugar arc, how- 
ever, within the limit of error. The maximum amount of sugar introduced 
into 100 cc. of citrate solution by the citric acid examined would be 0.0056 
gram. While the effect of sugar is not known to the referee, the above 
amount is considered too small to justify an investigation. 

In only one sample, No. 7139, was there any appreciable amount of sul- 
phuric acid. The percentage was 0.014 and would correspond to 0.0026 
gram in 100 cc. of citrate solution. Much more of the sulphates than 
this would quite likely be dissolved from the fertilizer sample by the 
ammonium citrate solution. 

Qualitative tests for oxalic and tartaric acids, and for tartaric acid, 
gave negative results in all cases. In the test for tartaric acid and sugar 
a few samples gave a faint test, but this could be due to small fragments 
of insoluble organic matter like excelsior or paper, which arc possible 
accidental contaminants. 

In view of the results presented above, it appears that the purity of the 
samples of citric acid examined is as high as could be expected, and quite 
sufficient for fertilizer control work. The subject should be studied 
further. 


ETHYL ETHER. 

Four samples of ethyl ether, distilled over sodium (KalbaunTs) were 
examined for matter nonvolatile at 100°C. The method was as follows: 
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Method . 

Evaporate 100 cc. in a tared platinum dish to dryness on a steam bath. Dry at 
100°C. to constant weight. 

The acidity and ash were determined in the one sample which was found to be 
badly contaminated. The results are shown in Table 8. 


TABLE 7. 


Examination of commercial citric acid. 


! 

LABORA- 

TORY 

NO. 

SOURCE OF SAMPLE 

ASH 

OXALIC 

ACID 

TOTAL 

BUOAR 

AS 

DEX- 

TROSE 

SUL- 

PHURIC 

ACID 

(SO«; 

QUALITATIVE TEST 

Oxalic 

and 

tartaric 

acid 

Tart ark 
acid 
and 
sugar 

Tattaric 

acid 



per cent 


per cent 

per cent 




7015 

Mallinkrodt 

0 04 

none 

0 000 

trace 1 

none 

t race 

none 

7016 

Bought in kegs, unknown purity. 

0 00 

none 

0 000 

none 

none 

trace 

none 

7017 

Eimer and Amend 

0 01 

none 

0 005 

none 

none 

trace 

none 

7018 

do 

0 01 

none 

0 000 

none 

none 

trace 

none^ 

7037 

Eimer and Amend (U S. P.) 

0 05 

none 

0 029 

trace 1 

none 

trace 

none 

7040 

10 years old . . . 

0 01 

none 

0 003 

trace 1 

none 

none 

none 

7041 

Baker and Adamson . . 

0 02 

none 

0 003 

trace 1 

none 

none 

none 

7130 

Pfitzer (99 per cent) .... 

0 02 

none 

0 003 

trace 1 

none 

none 

none 

7139 

Eimer and Amend . 

0 03 

none 

0 001 

0 014 

none 

none 

none 

7142 

Sargent and Co 

0 01 

none 

0 001 

trace 1 

none 

none 

none 


Amount of various impurities in ethyl ether distilled over sodium. 


SAMPLE NO. 

SOURCE OF SAMPLE 

NONVOLATILE 
AT 100 CC. 

ASII 

ACIDITY AS 
SULPHURIC 
ACID 

ERROR JN 
DETERMINATION 



gram in 100 cc. 

grain irx 100 cc 

gram m 100 cc 

gram in 100 cc 

1 

Kfilbaum’s 

0 0G00 

0.0070 

0.37 

0 60 to 1 70 

13 

do 

O.OOlo 



0 02 to 0 04 

3 

do 

0 0020 



0 03 to 0 07 

4 

do 

0 0022 



0 02 to 0 06 


The matter nonvolatile at 100°C. varied from 0.0015 gram to 0.0600 
gram per 100 cc. One sample contained 0.0070 gram of ash in 100 cc. 
and an acidity corresponding to 0.37 per cent of sulphuric acid. The 
ether-blackened feed samples on which fat determinations were made and 
the ether residue gave off whitish fumes on ignition. In this laboratory 
from 20 cc. to 50 cc. of ether are taken for a determination of fat and the 
error introduced b}' the matter nonvolatile at 100°C. would vary from 
0.02 to 0.07 per cent to 0.60 to 1.50 per cent. The lower figures are of 
slight significance, but the higher ones deserve serious attention. The 
method for the determination of ether impurities nonvolatile at 100°C. 
should be studied further, together with the question of the presence of 
alcohol and water, and possibly other impurities. 
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RECOMMENDATIONS. 

It is recommended — 

(1) That the lead molybdate method recommended by Krauch-Merck 
for the determination of molybdic anhydrid in molybdic acid, as modified 
by the referee, be studied cooperatively, together with the methods for 
the determination of nitrogen in sodium hydroxid and impurities of ether 
nonvolatile at 100°G. 

(2) That the effect of the presence of sulphates on the accuracy of the 
lead molybdate method for the determination of molybdic anhydrid be 
studied, and that the nature and amount of the impurities in citric acid 
and ether, methods for the determination of sodium hydroxid and sodium 
carbonate in crude caustic soda, and the amount of phosphoric acid in 
molybdic acid, be studied further. 


REPORT ON TANNIN. 

By C. B. Bacon, Keftrec. 

Since there has been no collaborative work on tannin analysis this past 
year, and, therefore, no report, it might be well worth while to call the 
attention of the members of the association to the more recent changes in 
the methods of analysis of the American Leather Chemists Association, 
which is composed of approximately 125 active members, who are vitally 
interested in the matter of tannin analysis. The points wherein their 
methods differ from those of the Association of Official Agricultural Chem- 
ists are briefly as follows : 

1. Extraction . — In extraction the tendency is toward narrowing the per- 
missible limits of tannin content from 0.35 to 0.45, as it now is in the As- 
sociation of Official Agricultural Chemists method, to 0.375 to 0.425 grams 
per 100 cc. 

2. Cooling . — The American Leather Chemists Association permits the 
rapid cooling of the solution to analytical temperature of 20°C. 

3. Filtration . — The temperature of filtration is kept at 20°C. 

4- Evaporation and drying . — The use of the combined evaporator and 
dryer is specified and the time recommended as 16 hours. 

Aside from these points the methods are practically identical. 

Inasmuch as extracts which contain wood pulp liquor are presented for 
analysis according to the official methods, it would seem advisable that the 
better known qualitative methods for the detection of wood pulp liquor be 
included so as to be available for use. Probably the best known is the 
modification of the lignin test by Procter and Hirst, 1 which is as follows: 


1 J. S . C. I. 1909, 28 : 293. 
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To 5 cc. of the extract solution, which should be of about the ordinary strength 
employed for analysis, 0.5 cc. of fresh, pure aniline is added, and the whole is well 
shaken, and 2 cc. of concentrated hydrochloric acid is then added to the mixture. 
With all ordinary extracts this has the effect of immediately clearing the turbidity 
caused by the aniline, and a perfectly transparent solution results, but where pine 
wood extract is present, even in comparatively small quantity, a precipitate is 
produced which gradually rises to the top of the liquid. Heating is not neces- 
sary, and on the whole not desirable, though it sometimes increases the rapidity 
of the separation of the precipitate. The reaction, however, is immediate, and any 
slight turbidity which arises after considerable standing should be disregarded, as 
it sometimes occurs in the case of unmixed extracts, probably from minute traces of 
ligneous matter. 

A more recent method by Hayes 1 is as follows: 

A mixture is made of 40 cc. of a 2 per cent gelatin solution and 30 cc. of glacial 
acetic acid. Seven cc. of the reagent is added to 10 cc. of the solution to be tested, 
this latter being of regular analytical strength. If wood pulp liquor is present, a 
precipitate is formed which persists even on heating. 

\ 

Should the presence of wood pulp liquor be shown by these tests, an 
approximately quantitative determination may be made, if it is in consid- 
erable quantity, by using a modification of the Loewenthal method, as 
described by Procter. 2 

A modification of a method by Hinrichsen for the determination of 
tannin and gallic acid in inks has been found useful in the Bureau of 
Chemistry. The procedure is as follows: 

Place 10 grams of ink in a 100 cc. separatory funnel, add 10 cc. of 20 to 25 per 
cent hydrochloric acid; shake five times with 25 cc. portions of acetic ether. Unite 
the acetic ether shakings in a 200 to 250 cc. separatory funnel and shake with 10 
cc. portions of half saturated potassium chlorid solution until the aqueous layer 
does not give a reaction for iron. Evaporate the acetic ether solution of the tannin 
and gallic acid to dryness, preferably in vacuo, or at the lowest possible temperature. 
Wash the residue by means of a small amount of water into a weighed evaporating 
dish and evaporate to dryness on the steam bath. Dry the residue at 105 °C. for 2 
hours and weigh as tannin and gallic acids. 

It is suggested that in the near future the methods of the Association 
of Official Agricultural Chemists be tested to show whether they are su- 
perior to those of the American Leather Chemists Association in order to 
get an even closer agreement between the two methods, so that all may 
profit by the collaborative work that is being done by that association. 

The secretary announced that invitations had been received from a num- 
ber of associations and organizations in St. Louis, for this association to 
meet in St. Louis in 1914 and from San Francisco for this association to 
meet in San Francisco in 1915. The secretary was requested and author- 

1 J. A. L. C. A. 1913, 8: 79. 

2 J. S. C. J. 1909, 28 : 294. 
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ized to decline the former, expressing the appreciation of the association, 
and to reply to the latter that it would receive careful consideration at the 
next meeting. 

L. F. Kebler announced a meeting of the local branch of the American 
Pharmaceutical Association that evening and invited all members and 
visitors at the convention to attend. 

REPORT OF COMMITTEE B ON RECOMMENDATIONS OF 

REFEREES. 

By P. F. Trowbridge, Acting Chairman . 

(Dairy products, foods and feeding stuffs, sugar, water in foods, organic 
and inorganic phosphorus in foods, separation of nitrogenous bodies, test- 
ing chemical reagents, tannin, medicinal plants and drugs.) 

DAIRY PRODUCTS. 

It is recommended — 

(1) That in view of the distinct advantages of the copper sulphate 
method of preparing milk serum, chief of which are the rapidity with 
which the serum can be obtained and the narrower range of readings given 
by whole milk, the referee for the ensuing year consider this method for 
the purpose of having it adopted as an optional provisional method in 1914. 

Approved for final action in 1914. 

(2) That the referee for the ensuing year study the Harding-Parkin 
method for fat determination (J. Ind. Eng. Chem. } 1913, 6: 131) in com- 
parison with the present official and provisional methods. 

Approved. 

(3) That the subjects now under consideration be given further study. 

Approved. 

(4) That in Bulletin 107, Revised, page 122, after the paragraph on 
("ream, the following paragraph be inserted under the heading “Con- 
densed Milk (unsweetened) :” Dilute 40 grams of the homogeneous ma- 
terial with 60 grams of distilled water, proceed as directed under “Milk,” 
and correct the results for dilution; and the word “Sweetened” be in- 
serted before the word “Condensed” in the subsequent heading. 

Referred to the incoming referee for a report next year. 

FEEDS AND FEEDING STUFFS. 

It is recommended — 

(1) That the recommendation of the referee in 1911 (Cir. 90, p. 8) 
that the association recognize the petroleum ether method for determining 
fat in cottonseed products., be not adopted. 

Approved. 
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(2) That the referee for next year study the ratio of nitrogen to protein 
in American feeding stuffs. 

Approved. 

(3) That the referee compare the various proposed methods of crude 
fiber determinations with the present official methods. 

Approved. 


SUGAR. 

It is recommended — 

(1) That (1) the refractomctric methods for determining the moisture 
content of sugars, (2) the de'ermination of the moisture content of mo- 
lasses by means of the immersion refractometer, and (3) the direct deter- 
mination of sucrose in molasses, be further studied. 

Approved. 

(2) That the referee for next year study the various methods of esti- 
mating the copper in low grade sugar products. 

Approved. 


WATER IN FOODS. 

It is recommended — 

(1) That comparison of drying organic or other materials at room 
temperature in partial vacuum and at atmospheric pressure be continued, 
using phosphorus pentoxid and calcium carbid as dehydrating agents. 

Approved. 

(2) That there be a further comparison of the dehydrating power of 
sulphuric acid, phosphorus pentoxid, calcium carbid, and metallic sodium, 
and any other reagent that may be found, at room temperature and at 
atmospheric pressure. 

Approved. 

(3) That the advisability be considered of using a general method for 
moisture, consisting of 24 or 48 hours’ storage over cither sulphuric acid, 
phosphorus pentoxid, calcium carbid, or metallic sodium, at room tem- 
perature and at atmospheric pressure to be followed by the vacuum oven 
at 70°C. or 100°C. for a short time. 

Approved. 

(4) That moisture determination by the vacuum method over sulphuric 
acid (Bui. 122, p. 219) be made an optional official method. 

Approved for final action in 1914. 

(5) That the title of the referee on Water in Foods be changed to that of 
referee on Water in Foods and Feeding Stuffs. 

Approved. 
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ORGANIC AND INORGANIC PHOSPHORUS IN FOODS. 

It is recommended — 

(1) That methods to determine the influence of heat upon organic phos- 
phorus compounds in animal tissues, especially in tissues containing phos- 
phoric acid, be given further study. 

Approved. 

(2) That in vegetable substances (a) the completeness of the extraction, 
(b) the effects of using much larger amounts of magnesia mixture in the 
precipitation, (e) the allowing of more time for the precipitation with 
magnesia mixture, (d) the facilitating of the filtration by the use of the 
centrifuge, (e) the use of mechanical means to break up the precipitate in 
the acid alcohol to insure the complete solution of the phosphate, be 
further studied. 

Approved. 

(3) That the title of the referee on Organic and Inorganic Phosphorus 
in Foods be changed to that of referee on Organic and Inorganic Phos- 
phorus in Foods, Feeding Stuffs, and Drugs. 

Approved. 

SEPARATION OF NITROGENOUS BODIES (MEAT PROTEINS). 

7. Meats and beef extracts. 

It is recommended — 

(1) That the Kjeldahl-Gunning-Arnold method for determining total 
nitrogen in meat and beef extract be made official. 

Adopted, final action. 

(2) That in Bulletin 107, Revised, page 108, 7a, Kjeldahl-Gunning- 
Arnold be inserted after the word Gunning, making the sentence read: 
“ Employ either the Kjeldahl, the Gunning, or the Kjeldahl-Gunning- 
Arnold method.” The digestion with sulphuric acid should be continued 
for at least 4 hours with the first two methods, and for 2 hours after the 
digestion has become clear with the last method. 

Adopted, final action. 

(3) That the following description of the Kjeldahl-Gunning-Arnold 
method be given in an appropriate place in Bulletin 107, Revised: “In 
addition to the mercury and sulphuric acid of the Kjeldahl method add 5 
to 7 grams of potassium sulphate. Digest as usual but do not add any po- 
tassium permanganate at the end. Continue the digestion for 2 hours 
after the liquid has become clear or 1^ hours after the digest has reached 
the final color.” 

Approved. 
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II. Nitrogenous bodies in meats and meat products. 

It is recommended — 

(1) That in Bulletin 107, Revised, page 108, 7 (b), the following method 
for determining insoluble and soluble protein in meat be made optional: 
Exhaust 7 to 25 .grams of the sample (depending upon the moisture con- 
tent) with 330 cc. of cold (15°C.) distilled water. Make 11 successive 
extractions, 4 of 50 cc., 4 of 25 cc., and 3 of 10 cc. each. Dilute the ex- 
tract to 500 cc. and determine the total soluble nitrogen in 50 cc. De- 
duct the percentage of soluble nitrogen from the percentage of total 
nitrogen and multiply the difference by 6.25 to obtain inso’uble protein. 

Adopted, final action. 

(2) That in Bulletin 107, Revised, page 108, 7 (d) the proposed method 
for determining the coagulable protein in meats (see report of the referee) 
lx? made optional. 

Approved for final action in 1914. v 

(3) That the Folin method for estimating creatin and creatinin in meat 
and beef extract be made official, the method as originally published by 
Folin being modified as given in the report of the referee. 

Approved for final action in 1914. 

TESTING CHEMICAL REAGENTS. 

It is recommended — 

(1) That the lead molybdate method recommended by Krauch-Merck 
for the determination of molybdic anhydrid in molybdic acid, as modified 
by the referee, be given cooperative study, together with methods for the 
determination of nitrogen in sodium hydroxid and impurities of ether 
nonvolatile at 100°C. 

Approved. 

(2) That the effect of the presence of sulphates on the accuracy of the 
lead molybdate method for the determination of molybdic anhydrid be 
studied, and that the nature and amount of the impurities in citric acid, 
methods for the determinations of sodium hydroxid and sodium carbonate 
in crude caustic soda, and the amount of phosphoric acid (PjOs) in molyb- 
dic acid, be given further study. 

Approved. 

TANNIN, MEDICINAL PLANTS, AND DRUGS. 

No recommendations by the committee as no reports from referees were 
received. 
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REPORT OF GENERAL COMMITTEE ON RECOMMENDATIONS 

OF REFEREES. 

By P. F. Trowbridge, Chairman. 

The committee recommends that, after any method has been adopted 
on first reading as provisional or official, it shall be referred to the suc- 
ceeding referee for collaborative work and report on the results of this 
collaboration before it can be finally adopted as provisional or official. 

Approved. 

The committee announces the resignation of F. W. Woll as a member 
of the committee on recommendations of referees and recommends the 
appointment of a member to take his place for the unexpired term. 

Approved. 

(R. E. Stallings, of Georgia, was appointed.) 

REPORT OF COMMITTEE ON RESOLUTIONS. 

By J. M. Bartlett, Chairman. 

The Association of Official Agricultural Chemists cordially endorses the 
action of the Secretary of Agriculture in establishing a Journal of Agricul- 
tural Research to serve as a medium for the publication of the research work 
of the United States Department of Agriculture. 

The association will warmly welcome the enlargement of the scope of 
this journal so as to include the research work of the Experiment Stations 
and the extension of its mailing lists so as to include the names of those 
now included in the mailing list of the Experiment Station Record. 

Resolved, That the cordial thanks of this association be extended to W. D. Bige- 
low and A. W. Bitting for the bounteous hospitality extended and the cordial good 
will manifested on the evening of November 17 at the laboratories of the National 
Canners Association. 

Resolved, That the Association of Official Agricultural Chemists extend to the 
management of the Raleigh Hotel its sincere thanks and high appreciation for 
the use of the Banquet Hall and for the courtesies shown the members of this 
association. 

Resolved, That this association hereby expresses its appreciation to President 
Fraps for the able, impartial, and courteous manner in which he has presided over 
its deliberations. 

The report of the committee was approved. 
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REPORT OF THE AUDITING COMMITTEE. 

The following report by the secretary-treasurer was examined by the 
auditing committee and found to be correct: 

REPORT OF THE SECRETARY-TREASURER FOR THE YEAR 1912 TO 1913. 

During the year, W. D. Bigelow, secretary-treasurer, resigned and the 
undersigned was appointed in his place. Separate statements are given 
of receipts and expenditures made by Mr. Bigelow since the report for 
1912 and before his resignation and a detailed statement of the receipts 
and expenditures made by me since that time. 

On July 16, 1913, the date of the statement by Mr, Bigelow, 48 Federal 
and State organizations and one municipal organization had paid dues for 
1912 to 1913. In addition to this, dues from two States for 1911 to 1912 
are included in his report as they were received too late to be incorporated 
in the report for last year. The report of Mr. Bigelow as secretary- 
treasurer, showing a balance on hand, July 16, 1913, of $149.19, is attached. 

Respectfully, 

(Signed) C. L. Alsberg, 

Secretary-Treasurer. 


Expenditures: 

July 30, 1913. 600 folders and 475 two-cent envelopes $26.97 

Additional postage .20 

November 1, 1913. 200 numbered tags 2.00 

November 15, 1913. Dues returned to a municipal board of health 2.00 


Total expenditures $31.17 

Receipts: 

Received from W. D. Bigelow, balance in treasury $149.19 

Dues in stamps from South Dakota Food and Drug Commission 2.00 


Total receipts $151.19 

Balance November 15, 1913 $120.02 

Respectfully submitted, 


(Signed) C. L. Alsberg, 

Secretary- Treasurer. 

Examined and found correct: 

(Signed) John Phillips Street, 

(Signed) W. H. McIntire, 

(Signed) H. D. Haskins, 

Auditing Committee. 

The association adjourned at 12.40 to reassemble at 2 o’clock. 



WEDNESDAY— AFTERNOON SESSION. 


A report on medicinal plants and drugs was read by the referee, H. A 
Seil, but not submitted for publication in the Proceedings. 

REPORT ON SYNTHETIC PRODUCTS. 

By W. 0. Emery, Associate Referee . 

During the past year interest in corporative work on drug products 
has been unusually marked, in that the number of those indicating a de- 
sire to participate in the work has been much larger than in any previous 
year. The samples examined, bearing the numbers 13, 14 and 15, were 
derived from tablets purchased in the open market and alleged to have the 
following active constituents: 13: “Acetanilid 2 grs. Quinin sulf. 1 gr. 
in each tablet 14: “ Acetphenetidin 2.5 grs. Quinin sulf. 2.5 grs. in each 
tablet;” 15: “Acetanilid 2 grs. Quinin sulf. 2 grs. Morph, sulf. $ gr. in 
each tablet.” The tablets, the average weights of which had been pre- 
viously determined, were powdered, made up into suitable samples and 
submitted along with the following methods of procedure to the cot perat- 
ing chemists: 

ESTIMATION OF ACETANILID AND QUININ SULPHATE. 

The separation of these two substances is based on the fact that the bi- 
sulphate of quinin in aqueous-acid solution is practically insoluble in U. 
S. P. chloroform, while acetanilid under the same conditions is readily 
taken up by this solvent. The procedure, therefore, resolves itself into the 
following steps: 

Ascertain the weight of 20 or more tablets, reduce them to a powder and transfer 
to a glass-stoppered or well-corked flask. Weigh out on a metal scoop, watch 
glass, or other convenient object an amount of the powdered sample equal to or a 
multiple of the average weight of one tablet, transfer to a separatory funnel (Squibb 
form), add 50 cc. of chloroform, 20 cc. of water and 10 drops of dilute sulphuric acid, 
sufficient at least to insure a slight excess of this reagent in the mixture. Shake for 
some time vigorously, allow to clear, then draw off the solvent through a small 
pledget of cotton and a small (5.5 cm.) dry filter into a 200 cc. Erlenmeyer. Repeat 
extraction twice, using the same amount of chloroform as in the first operation. 
Use a fresh pledget of cotton for each withdrawal of solvent, putting the moist 
cotton after passage of the chloroform into the filter, where with the latter it is 
allowed to dry spontaneously, or by placing a ew moments on the cover of a steam 
bath. On completion of the third extraction the separation of the tw o ingredients 
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in question is practically complete, all the acetanilid being in the chloroform, while 
the quinin remains in the aqueous-acid solution, with traces also in both cotton and 
filter. 

Acetanilid . — Distill the chloroform from the three extractions by the aid of gentle 
heat down to about 10 cc., add 10 cc. of dilute sulphuric acid (1: 10 by volume), 
continuing the distillation until all the solvent has passed over. Remove to a steam 
or vapor bath and digest for about one hour or until the liquid has evaporated to 
about two-thirds the original volume. Add 20 cc. of water, digest 30 minutes longer, 
add 10 cc. of concentrated hydrochloric acid, then titrate with a standard solution 
of potassium-bromid-bromate, substantially as outlined in the method for the 
estimation of acetanilid and caffein. 

Quinin sulphate . — Wash filter and cotton used in drying the chloroform solution 
of acetanilid once with 5 cc. of water, allowing latter to run into the aqueous-acid 
solution of quinin. Add solid sodium bicarbonate (or aqueous ammonia) in slight 
excess, then extract with three 50 cc. portions of chloroform, washing each portion 
in rotation with 5 cc. of water, and passing the solvent after clearing through cotton 
and a dry filter, exactly as in the extraction of acetanilid. Distill the chloroform 
from the several extractions down to about 10 cc., then, if it seems desirable to weigh 
the quinin as such, transfer residue to a small tared beaker by pouring and subse- 
quent washing with chloroform, evaporate to apparent dryness on the steam bath, 
heat for an hour at 125°C. in an air bath, cool, and weigh. If, as is usually the case 
in combinations like the one at present under examination, the weight of quinin 
sulphate is desired, distill the chloroformic solution of quinin to apparent dryness by 
means of gentle heat, dissolve residue in 3 to 5 cc. of neutral alcohol (just sufficient to 
prevent precipitation by the standard acid) and titrate with fiftieth-normal sulphuric 
acid (using two drops of methyl red solution as indicator) until the color changes 
to faint red. Remove to steam bath and heat until most of the alcohol has been ex- 
pelled, the color of the liquid having in the meantime become yellow again. Now 
add sufficient acid to restore the faint red coloration, note number of cubic centi- 
meters expended, then multiply same by 8.66, the value of 1 cc. of fiftieth-normal 
sulphuric acid in milligrams of quinin sulphate (C 2 oH 8 4 N 202 )j HiS 04 * 7 HjO, to get 
the weight of this substance in sample taken. In the event that the quinin as such 
has first been weighed, the weight should be further checked by titration, substan- 
tially as outlined. 

Comments and suggestions . — The composition of many medicinal prepa- 
rations in pill or tablet form is frequently of such a nature as to com- 
pletely inhibit any rational separation of the active organic constituents 
by means of immiscible solvents in the ordinary separatory funnel, owing 
to the formation of persistent emulsions even on cautious agitation. To 
obviate this difficulty various flattened types of separators have been 
suggested by workers in the Bureau of Chemistry, one of which (illus- 
trated in J. Amer. Chem. Soc., 1913, 35: 295) yields gratifying results. A 
20-minute treatment on the rotating table suffices to effect a maximum 
distribution of the substances involved. Wherever available such separa- 
tors will be found highly advantageous in obviating the delay and annoy- 
ance occasioned by emulsifying mixtures. Since quinin sulphate readily 
loses a portion of its water of crystallization when exposed to dry air, 
the amount of sulphate found, whether calculated from the quinin as 
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weighed or from that determined volumetrically, need not necessarily 
correspond with the declared amount of this commodity indicated on the 
sample under investigation. As far as the separation is concerned the 
method differs in no particular from that outlined for the preceding com- 
bination. In the estimation, however, the procedure as applied to acet- 
phenetidin is materially shortened, in that the physical properties of this 
substance permits its being weighed directly. 

Acetphenetidin . — Extract with three 50 cc. portions of chloroform, 
washing each portion in rotation in a second separator (Squibb form) with 
5 cc. of water and passing solvent after clearing through a pledget of cot- 
ton and small dry filter into a 200 cc. Erlenmeyer. Distill the chloro- 
form from the combined extractions down to about 10 cc., transfer resi- 
due by pouring and washing with additional chloroform to a small tared 
crystallizing dish, allow to evaporate spontaneously or at a moderate 
heat on the steam bath, cool, and weigh at intervals until the loss does not 
exceed 0.5 mg. 

Quinin sulphate . — Follow directions as given under acetanilid and quinin 
sulphate. 

Comments and suggestions . — In all cases where cotton is used to remove 
suspended moisture from chloroform as suggested in the foregoing work, 
the material is inserted in the outlet tube, thus intercepting most of the 
moisture and any suspended matter that might otherwise clog the filter. 

estimation of acetanilid, quinin sulphate and morphin sulphate. 

As in a mixture of acetanilid and quinin sulphate, so likewise in the 
present combination, the alkaloidal constituents in aqueous-acid solu- 
tion are separated from the third by virtue of the insolubility of their 
sulphates in chloroform. The separation of the alkaloids themselves is 
based on the ability of morphin to yield with an alkaline base a morphinate 
insoluble in chloroform. The procedure thus resolves itself into the 
following particulars: 

Acetanilid . — Transfer to a separatory funnel an amount of the powdered sample 
equal to or a multiple of the average weight of one tablet (the amount of morphin 
sulphate represented should not be less than 0.25 grain), add 20 cc. of water and 10 
drops of dilute sulphuric acid, then extract with three 50 cc. portions of alcohol-free 
chloroform, the subsequent manipulations being substantially as directed for this 
ingredient in the combination : Acetanilid and quinin sulphate. 

Quinin sulphate . — Wash filter and cotton used in drying the chloroformic solution 
of acetanilid once with 5 cc. of water, uniting latter with the aqueous-acid solution 
of quinin and morphin. To this solution add 4 to 5 cc. of aqueous sodium hydroxid 
(5 grams of pure sodium hydroxid in 50 cc. of water), then extract with three 50 cc. 
and one 25 cc. portions of U. S. P. chloroform, transferring latter in rotation to a 
second separator (Squibb type) containing 5 cc. of water, wash and pass the nearly 
clear chloroform through a pledget of cotton and small filter into a 200 cc. Erlen- 
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meyer, from which the solvent is later removed by gentle distillation and the residue 
titrated, substantially as outlined for quinin in the combination: Acetanilid and 
quinin sulphate. 

Morphin sulphate . — Wash filter and cotton employed in the preceding operation 
with 5 cc. of water, which latter together with that portion used to wash the chloro- 
formic solution of quinin is united with the aqueous-alkaline solution of sodium 
morphinate. Now add 0.5 gram of ammonium chlorid (an amount slightly in excess 
of that required to free the morphin as well as convert the sodium hydroxid into 
sodium chlorid) and to the resulting ammoniacal solution add 45 cc. of U. S. P. 
chloroform and 5 cc. of alcohol, then extract and draw off solvent into a second 
separator containing 5 cc. of water, wash, allow to clear, then pass chloroform 
through cotton and filter into a 200 cc. Erlenmeyer. Repeat extraction and subse- 
quent washing with one 50 cc., one 40 cc. and one 30 cc. of U. S. P. chloroform, 
finally collecting the solvent from all extractions in and distilling from the aforesaid 
Erlenmeyer down to about 10 cc. Transfer by pouring and washing with additional 
chloroform to a small tared beaker, evaporate on the steam bath to dryness, coq! 
and weigh the residual morphin now appearing as a transparent varnish. To render 
crystalline, dissolve by warming with about 1 cc. of neutral alcohol, and about the 
same quantity of water drop by drop, rubbing the glass with a rod to induce crystal- 
lization, then evaporate slowly on the steam bath to dryness. Cool and weigh a 
second time. Check the weight of morphin thus found by titration with fiftieth- 
normal sulphuric acid, using a drop of inethyl red solution as indicator. To this end 
dissolve the morphin in 1 to 2 cc. of warm neutral alcohol; then after solution is 
complete add the acid till the color changes to faint red. Evaporate most of the 
alcohol on the steam bath, and in the event that the color has reverted to yellow 
add just sufficient acid to restore the faint red coloration. Note volume of acid 
expended, then multiply the number of cubic centimeters by 7.53 (the number of mil- 
ligrams of morphin sulphate equivalent to 1 cc. of fiftieth-normal sulphuric acid) to 
ascertain the quantity of morphin sulphate in the sample taken. The amount of 
anhydrous or of crystallized alkaloid can also be determined from the titration 
value by means of the proper factor. 

Comments and suggestions . — For the purpose in question alcohol-free 
chloroform may be conveniently prepared by washing the pharmacopocial 
product several times with water. All cotton used for drying chloroform 
should first be freed from fatty material of other extractives by thorough 
washing with this solvent, all of which latter may be regained by distilla- 
tion. In the various operations involving fixation and subsequent libera- 
tion of morphin by means of fixed alkali and ammonium chlorid, strict 
attention should be paid to the matter of adding these reagents, since any 
undue excess of either might nullify the entire procedure. Any large ex- 
cess of sodium hydroxid would naturally require for its reduction a cor- 
respondingly large amount of ammonium chlorid, the latter in turn yield- 
ing its prorata of ammonium hydroxid, relative large quantities of which 
through interaction with sodium chlorid tend to inhibit any permanent 
liberation of the alkaloid and thus prevent a complete extraction. Fur- 
thermore, the presence of relatively large quantities of ammonium chlorid 
as such operates to a partial retention of morphin in solution, due in part, 
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possibly, to the formation of the hydrochloric! of this alkaloid. In spite 
of all precautions in the matter of excluding impurities from the morphin, 
the amount of this substance as found by weight will usually be greater 
than that determined volumetrically. In order to insure greater accuracy 
in volumetric operations with alkaloidal substances, as quinin and mor- 
phin, the suggestion is made, in all cases where possible, that the strength 
of the standard acid used be checked by titration against the pure alkaloid 
under examination. 
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2 
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1 Average weight of the single tablet, 0.2632 grain. 

* Average weight of the single tablot, 0.3851 gram. 

1 Average weight of the single tablet, 0.2039 gram. 

4 Reported by C. W. Johnson. 

1 Reported by J. P. Street. 

» Reported by J. M. Bartlett. 

1 Reported by C. E. Vanderkleed. 

Examination of the data herein presented by 15 chemists indicates that 
little or no trouble was experienced in estimating acctanilid and acet- 
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phenetidin, the recoveries corresponding very closely with the amounts of 
active ingredients alleged to be present. Some of the workers appear to 
have had difficulty with quinin, while in the separation of this substance 
from morphin and the estimation of this latter constituent considerable 
trouble must have been experienced, as indicated by the widely-varying 
results, and by the comments of the workers themselves. In manipulat- 
ing the several mixtures with the ordinary type of separatory funnel, 
more or less difficulty would necessarily be encountered owing to a tend- 
ency of the tablet excipients to favor emulsification. No. 15 in particular 
was undoubtedly the most difficult problem in this respect, hence it is 
not a little to be wondered at that some of the least experienced workers 
were able to effect a gross separation at all with the apparatus generally 
available and to arrive at the commendable results presented. Appar- 
ently one-third of the workers had never before had opportunity to examine 
such samples. About half those cooperating had no suggestions or criti- 
cisms to offer relative to the methods followed, from which the inference 
is drawn that little or no trouble was encountered by them in carrying 
out the various operations. Others, however, were kind enough to formu- 
late their experience in the following terms : 

COMMENTS BY COLLABORATORS. 

L. A . Brown had no criticism or suggestion except as to Sample 15, in which case 
it was necessary to use more than one tablet in order to get a workable amount of 
morphin. He found 3 to 50 cc. portions of chloroform insufficient to extract all the 
acetanilid. Furthermore, in the titration of quinin, from a sample of three tablets 
used by him, the alkaloid was dissolved in 50 cc. of neutral alcohol and then aliquot 
portions titrated. 

J. F . Darling believed the method would be improved by a provision for removal 
of any insoluble gum prior to extraction. His separation of quinin from morphin 
was not sharp, some of the former appearing with the morphin residue. 

E . 0. Eaton’s experience with No. 15 was so unsatisfactory that no analytical 
returns were made on this mixture. No other criticisms reported. One would 
infer, however, that some difficulty had been encountered with quinin in No. 14. 

H. Engelhardt and 0. E. Winters found the method satisfactory except as affected 
by persistent emulsification in No. 15. 

E. G. Grab referred in connection with the hydrolysis of acetanilid and acetphenet- 
idin to the transfer of the 10 cc. of chloroformic residue containing one of these 
substances after addition of dilute sulphuric acid directly to steam bath, as being 
preferable to further recovery of solvent, since the last runnings of chloroform are 
likely to carry suspended water and thus contaminate the main portion. His point 
is that little is gained in attempting to recover the chloroform after addition of acid. 

C. E. Vanderkleed is of the opinion that accurate determinations of morphin 
sulphate are scarcely possible when working on such small quantities of material 
as called for in the method. 

The referee believes notwithstanding that the method will yield accurate 
results with an amount of morphin sulphate as small as one-fifth of a 
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grain, provided the directions are followed closely as to detail and emul- 
sification is avoided by the use of the so-called “terrapin” form of sepa- 
rator. This belief is based on results obtained with controls. 

H. A. Sell , in commenting on the titration of quinin stated that solution of the 
alkaloid in standard fiftieth-normal acid with subsequent titration of excess acid with 
fiftieth-normal alkali gives more accurate results and a sharper end point. Methyl 
Red as indicator appears to be better adapted to the alkaline. end point than to the 
acid end point. In the separation of acetanilid and acetphenetidin from quinin, 
a wash with dilute acid in the second separatory funnel insures a cleaner separation. 
This method would do away with filtration through cotton plugs and would simplify 
the method from a mechanical standpoint. Similarly, a wash with dilute alkali 
in the second separatory funnel would insure a cleaner separation in the estimation 
of quinin from morph in. 


CONCLUSION. 

Taken as a whole, the results arc very promising and indicate that the 
methods are correct in principle, requiring slight changes, if any, in the 
matter of detail. 

A paper on the Estimation and Separation of Antipyrin from Various 
Synthetic Products by Means of its Periodid, by W. 0. Emery and S. 
Palkin, was read by Mr. Palkin. It has since been published under the 
title: Studies in Synthetic Drug Analysis. II — Estimation of Antipyrin, 
in the Journal of Industrial and Engineering Chemistry , 1914, volume 6, 
page 751. 

The associate referee on medicated soft drinks had no report but recom- 
mended that the following paper by Mr. St. John be read. 

SUGGESTIONS ON THE ANALYSIS OF MEDICATED SOFT 

DRINKS. 

By B. H. St. John. 

SALICYLIC ACID, BENZOIC ACID, AND SACCHARIN. 

Some work has been done toward finding a satisfactory method for the 
separation and accurate determination of salicylic and benzoic acids and 
saccharin, and as a result of this work the following method has been 
evolved which will permit also the determination of caffein in the sample if 
desired. 

Method . Make 100 cc. of the sample distinctly acid with sulphuric acid and shake 
with 50 cc. of a mixture of 7 parts of chloroform and 3 parts of alcohol. Run the 
chloroform layer into a second separator and wash with a strong solution of sodium 
carbonate. If it is desired to determine caffein, wash the chloroform, after it has 
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been shaken with a sodium carbonate solution , with water in a third separator and 
filter off through a filter wetted with chloroform. Repeat this operation with suc- 
cessive portions of 50 cc. of the chloroform-alcohol mixture. It will be found that 
the caffein will be completely extracted and that the caffein residue obtained by 
evaporating this washed chloroform will be almost free from coloring matter, as a 
large proportion will be removed by the sodium carbonate. 

The sodium carbonate solution will contain benzoic and salicylic acids and 
saccharin if present. The salicylic acid can be readily separated and determined 
by adding iodin solution in excess, warming on the steam bath for an hour or so, and 
filtering off the rose-colored precipitate whose composition is (CeHjIaO)*, drying and 
weighing. The weight of the precipitate times 0.4657 gives the weight of sodium 
salicylate present. When the filtrate is acidified and the iodin removed by hypo- 
sulphite or sulphurous acid the benzoic acid and saccharin can be shaken out with 
the above mixture of alcohol and chloroform. 

The separation of benzoic acid and saccharin is more difficult, as under 
the conditions where benzoic acid is distilled with steam some saccharin 
will come over also. It is possible that the saccharin under proper condi- 
tions could be precipitated almost completely as silver salt, at least to 
such an extent that none would distill off with steam with the benzoic acid; 
or the benzoic acid may be sublimed off from the saccharin by being 
heated in an oven to constant weight, the residue being saccharin. 

The saccharin can also be separated by transforming it to salicylic acid 
by heating with saturated solution of sodium hydroxid, and precipitating 
the salicylic acid with iodin as just described. 

The quickest and easiest method is perhaps the sublimation method. 

PHOSPHORIC ACID. 

The present method for the determination of phosphoric acid requires 
much time for making the precipitation, which even then is not always 
complete in such preparations as medicated soft drinks. Furthermore, 
the composition of the precipitate frequently is not that of magnesium am- 
monium phosphate or phosphomolybdic acid, in which form it is desired 
that phosphoric acid be separated. 

The following modification is the result of some work done in the past 
year on the subject, and it is desired to offer this with whatever suggestions 
may be made towards its improvement for cooperative work during the 
following year. 

Method . — Dilute the sample, usually 25 to 100 cc., with water, add 30 cc. of aqua 
ammonia, surround the beaker with ice, and run in slowly from a burette 50 cc. 
of magnesia mixture, stirring vigorously. Continue the stirring, preferably, of 
course, by means of a stirring machine, for a half hour, when precipitation will be 
found to be complete and the precipitate in the form of magnesium ammonium 
phosphate as desired. Filter off the precipitate and wash with a mixture of 1 volume 
of aqua ammonia and 3 volumes of water (which should be as cold as possible) until 
the washings have no appreciable color. Dissolve in as small as possible a quantity 
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of warm dilute nitric acid, then add about 50 to 75 cc. of ammonium molybdate so- 
lution and allow to stand 12 hours in a warm place at 50° to 60°C. This time may 
be materially shortened by stirring. Filter and wash with a solution containing 90 
grams of ammonium nitrate and 200 cc. of nitric acid (specific gravity 1.2) per liter. 

Dissolve the precipitate of phosphomolybdic acid in aqua ammonia, make up 
to approximately 100 cc., and then proceed as in the first precipitation of the mag- 
nesium ammonium phosphate, ignite the precipitate after filtering and washing, 
and weigh the magnesium pyrophosphate. 

GLYCERIN. 

In the determination of glycerin in medicinal soft drinks, if a sample 
of 10 to 25 cc. is taken, the method given in Bulletin 107, Revised, for the 
determination of glycerin in wines will give a quite satisfactory separation 
of glycerin from the sugars and gums present. Caffein and other sub- 
stances are likely to be present, however, in the residue from this method, 
and consequently its weight does not represent glycerin alone. 

It is advisable to dissolve the residue in water and oxidize the glycerin with 
alkaline permanganate to oxalic acid, removing the excess of permanganate with 
c. p. methyl alcohol. Make up solution to a suitable volume, filter, acidify an aliquot 
taken from the filtrate, boil off the carbon dioxid, make alkaline with ammonium 
hydroxid and precipitate with calcium chlorid solution. The calcium oxalate can 
be ignited and weighed as calcium oxid or calcium sulphate or dissolved in sulphuric 
acid and titrated with permanganate. 


The association adjourned. 
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PROCEEDINGS OF THE THIRTY-FIRST ANNUAL CON- 
VENTION OF THE ASSOCIATION OF OFFICIAL 
AGRICULTURAL CHEMISTS, 1914. 


FIRST DAY. 

MONDAY— MORNING SESSION. 

The thirty-first annual convention of the Association of Official Agri- 
cultural Chemists was called to order by the president, E. F. Ladd, of 
Fargo, N. D., on the morning of November 16, 1914, at the Raleigh 
Hotel, Washington, D. 0. The following members and visitors were 
present: 

MEMBERS AND VISITORS PRESENT. 

Abbott, J. S., Bureau of Chemistry, Washington, D. C. 
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Bailey, L. H., Bureau of Chemistry, Washington, D. C. 

Baker, E. L., Patent Cereals Co., Geneva, N. Y. 

Baker, H. A., 447 West Fourteenth Street, New York, N. Y. 
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REPORT ON PHOSPHORIC ACID. 

By A. J. Patten (Agricultural Experiment Station, East Lansing, Mich.), 
Referee, and L. S. Walker (Agricultural Experiment Station, Amherst, 
Mass.), Associate Referee. 

After carefully reviewing the work on basic slag for the past two years, 
it seemed unwise to continue along the same lines until at least a general 
survey and summing up of the situation could be made. 

In 1911 two methods for total phosphoric acid were tried, the official 
gravimetric method using (a 7) method of making solution and a special 
method which called for the direct precipitation of the phosphoric acid 
with magnesia mixture in the presence of citrate of ammonia. Three 
methods for determining the available phosphoric acid were also tested, 
namely, the molybdate method, which is essentially the same as the 
official gravimetric method, the citrate of ammonia-magnesia mixture 
method, and the iron citrate of ammonia-magnesia mixture method. 
The results obtained by the various collaborators showed no consistent 
agreement by these methods. For example, seven analysts by the official 
gravimetric method on Sample 1 obtained results varying from 17.54 
to 17.98 per cent, a difference of 0.44 per cent; two analysts obtained re- 
sults, 18.22 and 18.60 per cent, a difference of 0.38 per cent, while two 
analysts working in the same laboratory obtained results varying from 
18.88 to 19.25 per cent, a difference of 0.37 per cent. The maximum 
difference of all the analysts was 1.34 per cent. This same condition 
prevailed with all the other methods on both samples. 

In 1912, two methods for total phosphoric acid were used, the official 
gravimetric method using the (a 4 ) method of making solution and the 
official gravimetric method using the (o 7 ) method of making solution. 
For available phosphoric acid the methods tested were the molybdate 
method, the optional volumetric method, and the citrate of ammonia- 
magnesia mixture method. In the determination of total phosphoric 
acid on three slags, the results in all cases did not show close agreement. 
The method using (a 7 ) solution gave the lowest results, the other method 
gave on the average higher results in cases when sulphuric acid was used 
as a solvent than when hydrochloric acid and nitric acid were used. In 
the determination of available phosphoric acid the’ results on Samples 
1 and 2 do not agree as closely as might be desired, while those on Sample 
3 agree very closely. 
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In 1913 three modifications of preparing the solution for the official 
gravimetric method were tested, namely, (a 4 ), (a 7 ), and ( a 7 ) plus dehydra- 
tion. In addition, the optional volumetric method was tried. For 
available phosphoric acid, the methods used the previous year were 
again tested. 

The results obtained by the collaborating chemists showed no better 
agreement than the previous year. On Sample 3, by the ( a 7 ) official 
gravimetric method, nine chemists obtained results varying from 13.96 
to 14.47 per cent, a difference of 0.51 per cent; ten chemists obtained 
results varying from 14.57 to 14.88 per cent, a difference of 0.31 per cent; 
one chemist obtained 13.05 per cent and another chemist obtained 15.11 
per cent, the maximum variation being 2.06 per cent. This example is 
typical of the results obtained by the other methods. 

It is the opinion of the referee that the variations in the determination 
of total phosphoric acid have been due to the fact that the amount of 
iron being carried down with the yellow precipitate is not constant. 
It is possible that manganese may act in much the same way as the iron 
although this point has not been well established. In order to eliminate 
the contaminating influence of the iron in the gravimetric method, it 
was suggested that the addition of a small amount of sodium acetate 
to the solution before precipitating with magnesia mixture might hold 
the iron in solution. Preliminary work by the referee along this line 
gave very satisfactory results and this modification of the official method, 
was, therefore, included in the instructions sent to the collaborators 
this year. The influence of the iron in the volumetric method may be 
eliminated by standardizing the solutions against a standard phosphate 
material of approximately the same composition as the sample to be 
worked on. Attention was not called to this point in the instructions 
sent out this year but it so happened that all the collaborators followed 
practically this procedure. In all future work, attention should be 
given to this matter. 

The citric acid solution of basic slag contains from 95 to 100 per cent 
of all the silica, 80 to 90 per cent of the calcium and 10 to 20 per cent of 
the iron. Therefore, the same variations may be expected in the results 
for available phosphoric acid by the molybdate and volumetric methods 
as were obtained for total phosphoric acid and, furthermore, the effect 
of the iron may be eliminated by the modifications mentioned. 

According to M. Popp, 1 the soluble silica does not affect the results 
except when the amount of soluble iron is small. On the basis of his 
investigations on this subject Popp proposed the iron citrate method, 
which is similar to the iron citrate of ammonia-magnesia mixture method 
tried by this association two years ago except that ferric chlorid is used 

1 Chem. Ztg., 1912, 36: 1102. 
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instead of ferrous ehlorid and, in addition, 10 cc. of 0.3 per cent hydrogen 
peroxid solution are added to oxidize any sulphid that may be present. 
Attention has been given to another method known as the Lorenz method, 
that has been tried out very extensively by the German experiment sta- 
tions. In this method the yellow precipitate, after filtering, is dried in 
a partial vacuum and weighed. The results obtained in the preliminary 
work by both the iron citrate and Lorenz methods gave excellent results 
and were, therefore, included in the work for this year. 

At the request of the chairman of the Committee on Availability of 
Phosphoric Acid in Basic Slag, the work has been conducted on the same 
slags as used by that committee. Four samples of slag marked A, B, C, 
and D were thoroughly mixed and sent to eight chemists who had pre- 
viously signified their willingness to cooperate in the work. The sam- 
ples were numbered as follows: Sample 1 corresponding to Slag C, Sample 
2 corresponding to Slag A, Sample 3 corresponding to Slag D, Sample 4 
corresponding to Slag B. 

In addition to the four slags a synthetic solution, Sample 5, representing 
as closely as possible the citric acid solution of an average basic slag, was 
sent out. This solution contained in each 100 cc. : 1 .5 grams of ammonium 
phosphate, 5 grams of calcium ehlorid, 10 grams of citric acid, 1.12 grams 
of ferric ehlorid, and 8.8 cc. of sodium silicate (10 per cent). 

On account of the preliminary work done on these methods by the 
referee it was impossible to send the samples out as early as was hoped 
and this fact is probably responsible for so few chemists participating 
in the work. 

The following instructions were sent to each collaborator: 

INSTRUCTIONS FOR COLLABORATORS. 

Samples 1, 2, 3, and 4 are basic slags used by the special committee. 

Sample 5 is a synthetic solution containing a known amount of phosphoric acid. 
The methods outlined under available phosphoric acid only, are to be used 
for Sample 5. 

A. Determine moisture in Samples 1, 2, 3, and 4 at 100° C. 

B. Determine total phosphoric acid in Samples 1, 2, 3, and 4 by each of the follow- 
ing methods: 

(a) Official gravimetric method, using (ai) method of making solution (Bur. Chem. 
Bui. 107, Rev., p. 2). Dehydrate an aliquot (20 cc.) of the basic slag solutions by 
evaporating to dryness on a steam or hot water bath; take up with 5 cc. of hydro- 
chloric acid and 25 cc. of hot water; digest to complete solution and filter off silica 
(SiOs) . From this point proceed as directed for determination of total phosphoric 
acid (Bur. Chem. Bui. 107, Rev., p. 3). Before precipitating with magnesia 
mixture, add 5 cc. of 5 per cent sodium acetate. 

(b) Optional volumetric method . — Determine phosphoric acid in an aliquot of 
solutions (07) by the optional volumetric method (b) (Bur. Chem. Bui. 107, Rev., p. 4). 

(c) Lorem method (Landw. Versuchs-Stat., 1901, 56:183). — Dissolve 2 gramB of 
basic slag in 15 cc. of concentrated sulphuric acid and 5 cc. of concentrated nitric 
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acid, cool and make up to 200 cc. Into a 200 to 250 cc. beaker measure carefully 
20 cc. of the solution and add enough nitric acid (specific gravity 1.20) to bring the 
volume to 50 cc. Heat the solution, without stirring, over a wire gauze until the 
first air bubbles appear. Take from the flame and rotate a few times so that the 
sides of the beaker will not be overheated and add at once, into the middle of the 
solution, 50 cc. of the sulpho-molybdate reagent. After the precipitate has settled 
to the bottom, 5 minutes at the longest, stir vigorously for one-half minute with 
a glass rod. Cover the beaker and allow to stand overnight. Filter through a 
platinum or porcelain Gooch crucible using a single thickness of ash- and fat-free 
filter paper in the bottom. If the paper is cut so that it just fits the bottom of the 
crucible without turning up on the sides, no trouble will be experienced with the 
precipitate running through. Wash the precipitate four or five times with 2 per cent 
ammonium nitrate solution and carefully transfer all the yellow precipitate to the 
crucible. Then wash the precipitate by filling the crucible once full and twice half 
full with 95 per cent alcohol and allowing it to run dry after each addition. Next 
wash with ether in the same manner. Place the crucibles containing the precipitates 
in a fairly large desiccator (without sulphuric acid or calcium chlorid), exhaust 
to 100 to 200 mm. pressure, and allow to remain one-half hour before weighing. 
The weight of ammonium-phosphomolybdate multiplied by the factor 0.03295 gives 
the amount of phosphoric acid (PaO*). 


Note. — The solution of basic slag prepared by the (ai) method may be used but 
in this case the aliquot portion must be made up to 50 cc. with the sulphuric-nitric 
acid mixture described for this method under available phosphoric acid. 

Preparation of reagents. Sulpho-molybdate solution . — In a 2 liter glass cylinder 
add 100 grams of pure, dry ammonium Bulphate and 1,000 cc. of nitric acid (specific 
gravity 1.36) and stir until the sulphate is dissolved. In a 1,000 cc. flask dissolve 
300 grams of pure dry ammonium molybdate in hot water, cool to about 20° C., 
fill to the mark, and pour in a thin stream into the nitric acid-ammonium sulphate 
solution. Allow to stand 48 hours at room temperature, filter through acid-resistant 
paper and preserve in a glass-stoppered bottle in a cool, dark place. 

C. Determine available phosphoric acid as follows: 

Concentrated solution of citric acid (10 per cent). — Dissolve in water exactly 200 
grams of chemically pure crystallized citric acid having its full percentage of water 
of crystallization. Make up to exactly 2 liters. (If a large number of analyses 
are to be made, 0.5 gram of salicylic acid should be added to the liter of this solu- 
tion to prevent decomposition.) 

Dilute solution of citric acid (2 per cent). — Mix exactly 1 volume of the concen- 
trated citric acid solution with 4 volumes of water. The resulting solution should 
have a temperature of about 17.5° C. when used. 

Making citric solution. — Weigh 5 grams of the basic slag, transfer to a one-half 
liter Wagner flask containing 5 cc. of 95 per cent alcohol. The flask should have a 
neck width of at least 20 mm. and be marked at least 8 cm. below the mouth. Make 
up to the mark with dilute citric acid solution (2 per cent) of a temperature of 17 .5° C. 
Fit the flask with a rubber stopper and put at once into the rotary apparatus for 
30 minutes, making 30 to 40 revolutions per minute . Take off and filter immediately. 

Analyses of the citric solution. — As soon as the filtration is completed, analyze 
according to the following methods. Dilute 100 cc. of Sample 5 to 500 cc. and, in 
every case, use same amount of this solution as is used of basic slag solution. 

(a) Molybdate method (provisionally adopted 1911). — To 50 cc. of the clear filtrate 
add 100 cc. of molybdate solution made according to the official methods. Put the 
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beaker into a water bath until the temperature reaches 65° C., take out and allow 
to cool at ordinary temperature. Then filter, and wash the yellow precipitate of 
phosphomolybdate of ammonia four or five times with 1 per cent nitric acid. Dis- 
solve in 100 cc, of 2 per cent ammonium hydroxid (cold), nearly neutralise with 
hydrochloric acid, and add to the solution 15 cc. of magnesia mixture (made according 
to the official method) drop by drop during continuous stirring. After 15 minutes 
add 10 to 12 cc. of ammonium hydroxid solution (specific gravity 0.00)., then cover 
the beaker with a glass cover and allow to stand about 2 hours. Filter the double 
phosphate of ammonia and magnesia through a tared platinum Gooch crucible, 
wash six times with 2 per cent ammonium hydroxid, dry and proceed as customary 
for phosphoric acid determinations. 

Note: Better results will be obtained if a smaller aliquot is taken and it is sug- 
gested that 20 to 25 cc. be used. Before precipitating with magnesia mixture add 
5 cc. of 5 per cent sodium acetate solution. 

(b) Optional volumetric method. — Determine phosphoric acid in an aliquot of the 
clear solutions by the optional volumetric method (Bur. Chem. Bui. 107, Rev., 
P. 4, (b) ). 

(c) Lorenz method. — This method is conducted in exactly the same manner as 
for total phosphoric acid with one exception. The solution of basic slag (20 cc.) 
is made up to 50 cc. with the sulphuric-nitric acid mixture, prepared by mixing 
30 cc. of sulphuric acid (specific gravity 1.84) with 1 liter of nitric acid (specific 
gravity 1.20). 

(d) Iron citrate method (Landw. Versuchs-Stat., 1913, 79-80 : 260). — To 50 cc. 
of the citric acid solution of basic slag add in succession 25 cc. of the iron-citrate 
solution, 10 cc. of 0.3 per cent hydrogen peroxid, and 25 cc. of magnesia mixture. 
Put under stirring apparatus from 15 to 30 minutes, filler, ignite and weigh. It is 
suggested that the solutions be put under the stirring apparatus before the magnesia 
mixture is added and that the magnesia mixture be added rather slowly. 

Iron citrate solution . — Place 1,000 grams of citric acid in a porcelain evaporating 
dish and pour over it a solution of iron chlorid containing 30 grams in 50 cc. of water. 
Slowly, and carefully add 4,000 cc. of 20 per cent ammonium hydroxid. After all 
has dissolved pour into 5,000 cc. flask and when cold fill to mark with water. Filter 
before using. 

Magnesia mixture. — Dissolve 550 grams of magnesium chlorid and 700 grams of 
ammonium chlorid in a 10 liter flask with about 2,000 cc. of water. After the solu- 
tion is complete add 1,750 cc. of 20 per cent ammonium hydroxid and fill to mark 
with water. Filter after several days standing. 

PRECAUTIONS AND FURTHER INFORMATION. 

(1) A photograph and detailed drawings of an inexpensive but efficient shaking 
apparatus were sent out by the referee for 1911. A copy will be forwarded to any- 
one cooperating in this work this year, on request to L. S. Walker, Amherst, Mass. 

(2) The rotary apparatus prescribed for shaking the flasks must not be replaced 
by ordinary shaking or rocker apparatus as the latter differs in construction and 
effect. The rotary apparatus must turn around its axle 30 to 40 times per minute. 
Variations within these limits has no marked influence on the results. 

(3) The half-liter flasks (after the design of Wagner) must have a neck width 
of at least 20 mm. and are marked at least 8 cm. below the mouth. These two points 
are important since if the neck width is too narrow and the mark too high the result 
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will be too low, owing to the movement of the liquid being so limited. (The proper 
flasks are listed in E. & A. Catalogue, (1913) 3172.) 

(4) The filtration must be done immediately after 30 minutes’ rotation, and it 
is best to use the folded filter paper of such size that the whole quantity of the liquid 
can be poured onto the filter at once. Small and bad filtering papers give rise to 
error in consequence of too slow filtration. If at first the filtrate is not clear, it 
must be filtered again (through the same filter) until it becomes clear. 

(5) If the beaker containing the mixture of phosphatic and molybdic solutions 
is put into the water bath until the temperature reaches between 60° and 70° C., 
a precipitate free from silicic acid results. If heating is continued for a much longer 
time the precipitate will often be mixed withsilicic acid, especially when the molyb- 
dic solution is not added to the filtrate immediately but only after 6 to 12 hours 
(or longer) after filtration. If silicic acid is present, the precipitate dissolves slowly 
in ammonium hydro xid, but at first not clearly. Special attention must be paid 
to the point that the yellow precipitate is dissolved quickly and quite clearly by 
ammonium hydroxid (2 per cent) not. made warm. If the solution becomes clear only 
after some time, molybdic solution and nitric acid must be added to same in order 
to get a pure precipitate of phosphomolybdate of ammonia, that is, the phosphoric 
acid must be reprecipitated by the molybdic solution. 

RESULTS OF COLLABORATION 


Comparative wort; on basic slag. 


SAMPLE AND ANALYST 

MOISTURE 

TOTAL PHOSPHORIC ACID 

A\ AILARLK PHOSPHORIC ACID 

Official gravimetric 
method 

Optional volumetric 
method 

Lorenz method 

Molybdate method 

.2 

Is 

cu 

6 

J3 

"5 o 
a jq 
? 

c 

Lorenz method 

Iron citrate method 

SAMPLE 1: 

per cent 

per cent 

per cent 

per cent 

per cent 

pet cent 

per tent 

percent 

C. S. Lykes, Clemson Col- 

0.16 

13.27 

13.30 

13 22 

12 77 

12 25 

12.65 

12.77 

lege,S.C 





12 73 

12 34 

12 50 

12.70 






12 37 

12 39 

12.43 






12 45 

12 36 

12.65 


Average 

0.16 

13 27 

13 30 

13.22 

12.58 

12 34 

12.56 

12.74 

0. B. Winter, East Lan- 

0.28 


13 05 

13.10 


12 75 

12 80 

12 66 

sing, Mich 



13 00 

13 00 


12.65 


12.72 

Average 

0 28 


13 03 

13.05 


12.70 


12.69 

0. F. Jensen, East Lan- 

0.21 

13 04 

12 85 

12 73 

12.62 

12 70 

12.55 

12.68 

sing, Mich 


13.07 

12 95 

12 75 

12 76 

1 12 65 

12 55 

12.74 

Average 

0.21 

13.06 

12.90 

12.74 

12 69 

12. 6S 

12.55 

12.71 

Paul Rudnick and W. L. 

0.13 

13.44 

13.29 

13.08 

12.72 

12.57 

12.58 

12.83 

Latshaw, Chicago, 111 — 

0.15 

13.32 

13 32 

13 09 

12.79 

12 60 

12 55 

12.80 



13 04 

13 34 

13 15 

12 81 

12 83 

12 80 

12.72 



13.19 

13 30 

13 17 

12.87 

12 77 

12.81 

12.70 

Average 

0 14 

13.25 

13 32 

13 13 

12 80 

12 70 

12 69 

12.77 





*13 01 






. • 



42 94 





Avar acta ... 



,42 98 , 






... . . .. 
1 







i Sulphuric acid digestion. 
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Comparative work on basic slag — {Continued), 


SAMPLE AND ANALYST 

s 

i 

s 

TOTAL PHOSPHORIC ACID 

AVAILABLE PHOSPHORIC 

ACID 

! 

u 

!Sf 

o S 

0 

1 

■*1 

§1 

I s 

] 

S 

1 

1 

0 

1 

I 

•ft 

I 

! 

i 

SAMPLE 2: 

■per cent 

per cent 

per cent 

percent 

per cent 

per cent 

per cem 

per cent 

C. S.Lykes 

0.26 

18.20 

18.17 

18.24 

If 

15.11 

15.25 

15.40 






1 M ! 


15.29 

15.42 







14.91 








15.09 

14.94 

15.23 


Average 

0.26 

18.20 

18.17 

18.24 

15.24 

15.00 

15.26 

15.41 

O. B. Winter 

0.23 


■HR] 

18.05 


15.50 


15.29 




17.95 

17.95 


15.50 

15.45 

15.24 

Average 

0.23 


17.98 

18.00 


btffdil 

15.43 

15.27 

0. F. Jensen 

0.30 

18.46 


18.08 

15.42 

15.17 

15.15 

15.30 



18.36 


17.90 

15.26 

15.21 


15.31 

Average 


18.41 

18.08 

17.99 

15.34 

15.19 

15.13 

15.31 

Paul Rudnick and W. L. 

0.19 

18.44 

18.17 


15.46 

15.25 

15.28 

15.21 

Latshaw 

0.18 

■Elia 

18.17 

17.96 

15.53 

15.25 

15.32 

15.14 



18.14 

18.22 


15.49 

15.35 

15.52 

15.24 



18.34 

18.17 

18.14 

15.51 

15.35 

15.47 

15.27 


0.19 

18.36 


18.07 

15.50 

■MK*J 

■0ES 

15.22 





47. 87 









17.83 





Average 



'mmm 

47.85 




• 










sample 3: 









C. S.Lykes 

0.19 

15.59 

15.24 

15.09 

13.78 

13.40 

13.55 

13.73 






13.66 

13.42 

■ MfiiU 

13.67 






nKfl 

13.50 

13.87 







13.70 

EjED 

13.87 


Average 

0.19 

15.69 

15.24 

15.09 

13.71 

13.46 

13.72 


0. B. Winter 

0.23 


14.92 

14.90 


13.73 

13.65 

13.96 




14.97 

14.75 


13.78 

13.70 

13.84 

Average 

0.23 


14.95 

14.83 


13.76 

13.67 

13.90 

0. F. Jensen 

0.26 

15.72 

14.83 


13.75 

13.73 

13.70 

13.90 



15.34 

14 97 

14.80 

13.77 

13.78 

13.65 

13.82 

Average 

0.26 

15.53 

14. 9C 


13.76 

13.76 

13.68 

13.68 

Paul Rudnick and W. L. 

0 20 

15.23 

14.95 

14.88 

13.70 

13.70 

13.71 

13.66 

Latshaw 

0.19 

15.20 

15.06 

14.95 

13.83 

13.68 

13.73 

13.64 



15.41 

15.19 

15.19 

13.82 

13.71 

13.78 

13.76 



15.30 

15.25 

15.21 

13.76 

13.76 

13 78 

13.71 

Average 

0.20 

15.29 

15.11 

15.06 

13.78 

13.72 

13.75 

13.69 





44.96 









44.98 





Average 




44.97 















1 Sulphuric acid digestion. 
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Comparative work on basic slag. — {Concluded ) . 


SAMPLE AND ANALYST 

MOISTURE 

TOTAL PHOSPHORIC ACID 

AVAILABLE PHOSPHORIC ACID 

Official gravimetric 
method 

o 

c 

a 

J3 

l| 

St 

0.0 

o 

Lorenz method 

Molybdate method 

Optional volumetric 
method 


Iron citrate method 

SAMPLE 4: 

per cent 

per cent 


per cent 

per cent 

per cent 

pi r cent 

per cent 

C. S. Lykes 

0 21 

18 82 

18.65 

18.57 

14 66 

14 18 

14 42 

14.69 






14 32 

14 01 

14 39 

14.43 






14 29 

14 10 

14 45 







14 17 

14 18 

14 51 


Average 

0.21 

18.82 

18 65 

18 57 

14 36 

14 12 

14.44 

14.56 

0. B. Winter 

0.23 


18.45 

18 30 


14.43 

14.55 

14.50 




18 40 

18 35 


14 37 


14 54 

Average 

0.23 


18.43 

18 33 


14 40 


14.52 

O. F. Jensen 

0 24 

18 94 

18 40 

18 35 

14 39 

14 24 

14 25 

14 31 



18 87 

18 30 

18 25 

14 35 

14 34 

14 30 

14 35 

Average 

0.24 

18.91 

18.35 

18 30 

14 37 

14 29 

14.28 

14.33 

Paul Rudnick and W. L. 

0 23 

18 83 

18.42 

18 33 

14 79 

14 57 

14 53 

14 50 

Latshaw 

0.22 

18.85 

18.42 

18 30 

14 69 

14 51 

14.50 

14 39 



18 67 

18 53 

18 42 

14 75 

14 58 

14 62 

14 44 



18 65 

18.48 

18 40 

14 68 

14 63 

14 57 

14 48 

Average 

0.23 

18.75 

18 47 

18 37 

14 73 

14.57 

14 56 

14.45 





U8 26 









H8 22 





Average 




48.24 














ANALYST 


AVAILABLE PHOSPHORIC ACID 


Molybdate 

Optionul 

volumetric 

Lorenz 

Iron citrate 

SAMPLE 5: 

grams per 100 cc. 

grams per 100 cc. 

grams per 100 cc. 

grams per 100 cc. 

C. S. Lykes 


0.165 

0.16689 

0.16532 



0 165 

0.16676 

0.16508 

Average 



0.16683 

0.16520 

O. B. Winter 


0.1708 

0.1688 

0.1700 

0.1680 

Average 


0.1694 

0.1700 

mmmm 

0. F. Jensen 

0.16730 

0 1668 

0 1678 

0.1650 

0.16552 

Average 

0.16730 

0.1673 

0.1650 

0.16552 

Paul Rudnick and W. L. Lat- 

0.1659 

0.1638 

0.1643 

0.1651 

shaw 1 

0.1642 

0 1643 

0.1640 


Average 

0.16505 

0.16405 

0.1642 

0.1651 


t Sulphuric acid digwtion. 

* Theory, 0.10534 (run of phoephorio acid in 100 cc. of aample. 
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COMMENTS OF ANALYSTS. 

C. S. Lykes : The instructions were followed exactly except in the case of heating 
the solutions of ammonium phosphomolybdate, which were raised to a temperature 
of 60° to 60° C. at the start and then stirred for 20 minutes at approximately 850 
revolutions per minute. In preparing the solution of citric acid, it was found that 
our citric acid did not contain the full amount of water of crystallization. A solu- 
tion of citric acid was therefore made up and standardized to exactly 2 per cent, 
on the basis of the full amount of water of crystallization, by means of a standard 
solution of caustic soda of 0.14679 normal strength. In the volumetric determina- 
tions a standard solution of caustic soda was used . This solution had been standard- 
ized by samples of phosphate rock which were put into solution by ( 04 ), official 
method, Bulletin 107, Revised, using 20 cc. of sulphuric acid. 

Paul Rudnick : It was interesting to note that the citric acid solutions of Samples 
2 and 3 showed a precipitation similar to that in the synthetic solution, Sample 5, 
while Samples 1 and 4 did not. It was also noted that there was some difficulty in 
digesting these samples of basic slag for the determination of total phosphoric acid, 
the slag showing a tendency to form a lump which was not easily wet by the acid. The 
addition of a little water to the dry sample in the flask, so that the entire powder was 
thoroughly moistened before adding the acid, obviated the difficulty entirely. 

DISCUSSION OF RESULTS. 

The results obtained this year are very satisfactory and encburaging, 
the greatest variation being 0.62 per cent on Sample 4. 

Official gravimetric and molybdate methods . — The proposed modification 
for these methods was not carried out as intended owing to an error in 
the instructions but the results obtained in the referee's laboratory by 
adding 5 cc. of 5 per cent sodium acetate solution before precipitating with 
magnesia mixture were very good. This modification should be given 
another trial. 

Optional volumetric method . — The results by this method show a better 
agreement than those obtained in either 1912 or 1913. This may be at- 
tributed to the fact that all the collaborators used a standard alkali solu- 
tion that had been standardized against a standard phosphate rock. 
Attention should be given to this point in the future work. 

Lorenz method . — This method possesses some advantages over the offi- 
cial gravimetric and molybdate methods and the results obtained by it 
agree quite as well as by the other methods. It is rapid and compara- 
tively simple; the chief objection is the cost of the reagents. 

In this connection it is interesting to note that the method devised 
some years ago by T. S. Gladding and reported by A. G. Stillwell in 
The Chemist-Analyst, 1914, number 10, page 20, is similar to the Lorenz 
method but simpler of manipulation and less expensive. It is suggested 
that the referee for next year make a comparison of the two methods. 

Iron citrate method . — The most consistently-agreeing results were ob- 
tained by this method, the greatest variation being 0.38 per cent on Sam- 
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pie 4. The method is rapid, easily worked and the precipitates are 
clean and comparatively free from impurities. 

On Sample 5 the results by all the methods are exceedingly close, the 
greatest variations being obtained by the volumetric and Lorenz methods. 

BIBLIOGRAPHY. 

The following incomplete bibliography of the more recent work on basic 
slag is made a part of the report. 

Chem. Ztg., 1912, 36: 937; 1037; 1102. 

Ibid., 1913, 37: 145. 

Landw. Versuchs.-Stat., 1901, 66: 183. 

Ibid., 1913, 79 - 80 : 229. 

Ibid., 1913, 81: 160. 

Ibid., 1913, 82: 465. 

Landw. Jahrb., 1913, 46: 119; 327. 

Zts. anal. Chem., 1912, 61: 161. 

Zts. angew. Chem., 1902, 16: 1133. 

Bied. Zent. Agr. Chem., 1913, 42: 363. 

RECOMMENDATIONS. 

It is recommended — 

(1) That further work be done on the methods for basic slag as reported 
this year. 

(2) That special attention be given to standardizing the alkali solution 
used in the volumetric method. 

(3) That the methods be tried on as many different samples as possible. 

REPORT ON NEUTRAL AMMONIUM CITRATE. 

By L. S. Walker (Agricultural Experiment Station, Amherst, Mass.), 

Associate Referee . 

Committee A recommended, at the last meeting of the association, 
in 1913, that the referee on phosphoric acid make a study of the prepara- 
tion of neutral ammonium citrate by the titration method. In accord- 
ance with this recommendation the referee, A. J. Patten, requested the 
associate referee to take charge of this work. In the studies undertaken 
two methods of preparing the neutral ammonium citrate solution were 
employed. On April 1, 1914, three prepared fertilizer samples, together 
with the following outline or plan, were sent to seven chemists who had 
previously signified their intention of cooperating in the work. 

INSTRUCTIONS TO COLLABORATORS. 

PREPARATION OF NEUTRAL AMMONIUM CITRATE. 

A. Determine moisture at 100° C. 

B. Determine the insoluble phosphoric acid by the official method as described 
in Bureau of Chemistry Bulletin 107, Revised, page 3, under (4) (a) using (b) method 
for making solution. 
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The neutral ammonium citrate solutions to be used in the above method are pre- 
pared as follows: 

Solution I. Titration method . — Dissolve 370 grams of commercial citric acid 
in 1,500 cc. of water; add 358.33 cc. of ammonium hydroxid (specific gravity 0.90) 
and allow to cool. Carefully measure 50 cc. of this citrate solution into a 250 
cc. flask, make up to the mark with distilled water and shake thoroughly. Then 
measure (preferably by means of a burette) 5 cc. of the diluted solution into a beaker, 
add 4 cc. of a perfectly neutral 40 per cent solution of formaldehyde and titrate 
with tenth-normal sodium hydroxid using phenolphthalein as an indicator. The 
pink color should remain after the solution is brought to boiling. Determine the 
ammonia in 5 cc. of the diluted solution in the usual manner by distilling with mag- 
nesia. The difference between the acid and ammonia titration gives the number 
of cubic centimeters of tenth-normal ammonia required to neutralize 1 cc. of the 
acid citrate solution, from which the amount of a stronger solution of ammonium 
hydroxid required to neutralize any given amount of the acid solution may be easily 
calculated. 1 

To illustrate this method, it was found that 5 cc. of the diluted solution equiva- 
lent to 1 cc. of the citrate solution required 28.65 cc. of tenth-normal sodium hydroxid 
and 27.62 cc. of tenth-normal sulphuric acid. Therefore the difference between the 
acid titration, 28.65 cc., and the ammonia titration, 27.62 cc. is 1.03 cc. Conse- 
quently 1 cc. of the citrate solution requires 1.03 cc. of tenth-normal ammonia to 
make it exactly neutral. Take a 5 per cent solution of ammonium hydroxid and 
find its titration in terms of tenth-normal sulphuric acid. Then with this data can 
be figured the number of cubic centimeters of 5 per cent ammonium hydroxid re- 
quired per liter of citrate solution to neutralize exactly. Dilute the perfectly neu- 
tralized solution so that the specific gravity will be 1.090 at 20° C., testing by means 
of a Westphal balance or by a pycnometer. 

According to Patten’s article in the Journal of Industrial and Engineering Chem- 
istry, a strictly neutral solution of ammonium citrate of exactly 1.090 specific gravity 
should give the following results: 1 cc. of citrate solution gives 26.34 cc. of tenth- 
normal ammonia; 1 cc. of citrate solution gives 26.33 cc. of tenth-normal citric acid, 
equivalent to 44.76 grams of ammonia per liter, equivalent to 168.57 grams of citric 
acid per liter. Ratio of ammonia to citric acid is 1 to 3.766. 

Solution II. Litmus method . — Dissolve a convenient quantity of commercial 
citric acid in four times its weight of water; add commercial ammonium hydroxid 
until a faint odor of ammonia persists when the solution is hot; cool and complete 
the neutralization as follows: Select four Nessler’s jars in which equal volumes 
occupy equal heights, add a carefully purified litmus solution from a burette, taking 
care that precisely the same volume of indicator is placed in each of the four jars 
(about 2 cc.). Fill two of the jars to the 50 cc. mark with distilled water neutral to 
the indicator; add to each of the remaining jars from a burette 2.5 to 5 cc. of the 
citrate solution to be neutralized, and fill to the 50 cc. mark. Mix well, place the 
jars containing the indicator and water alone one in front of the other; add to one a 
drop of strong citric acid solution and to the other a drop of strong ammonium 
hydroxid. By looking through both of these jars the neutral tint of the indicator 
is observed for comparison. Arrange the jars containing the ammonium citrate to 
be tested in a similar manner and compare the colors; add citric acid or ammonium 
hydroxid until the tint produced can not be distinguished from that observed through 
the pair of jars used for a standard neutral color. It is recommended that the 
pairs of jars be placed in a box divided into compartments. Narrow'slits through 
each compartment will aid in the comparison of the tints. Bring the neutralized 

1 Method practically as given in J. Ind. Eng. Chem., 1913, 5: 567. 
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citrate solution to a specific gravity of 1.090 at 20° C., testing by means of a West- 
phal balance or by a pycnometer. 1 

When both the above solutions of ammonium citrate are neutralized and pre- 
pared, carefully analyze them by the titration method to determine the ratio of 
ammonia to anhydrous citric acid and report results to the associate referee, together 
with the analyses of the three fertilizer samples, not later than September 1, 1914. 

RESULTS OF COLLABORATION . 2 


Analyses of three fertilizers . 
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COMMENTS OF ANALYSTS. 

E. G. Proulx and R.B. Deemer : — On addition of the calculated amount of ammonia 
as shown by titration, to make a neutral citrate solution and repeating the titration 
we were unable to secure the theoretical amount of ammonia and found it necessary 
to make four separate additions before the titration gave the desired result. A 
moistened red litmus paper placed in the neck of a bottle of this solution, at room 
temperature, not in contact with the solution, gave a distinct alkaline reaction 
indicating loss of ammonia. The method provides no specific temperature for the 
solution when the aliquot is removed for titration. This it seems to us introduces 
a possible source of error and we would suggest that 20° C., the temperature at which 
the gravity is determined, be adopted. An additional source of possible error is 
also noted in the titration of citric acid in the presence of formaldehyde owing to 
the necessity for repeated neutralization with sodium hydroxid and the impossi- 
bility of duplicating titration closer than 0.1 cc. of tenth-normal sodium hydroxid 
equivalent to 0.64 gram of citric acid per liter. 

With the litmus method we were successful with the firBt addition of the cal- 
culated amount of citric acid solution in preparing a solution neutral to purified 

J Method practically as given in Bur. Chem. Cir. .52, p. 1. 
s Complete results have been received from only two chemists. 
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litmus, though the analysis by the titration method showed less citric acid and am- 
monia than a neutral solution of ammonium citrate of exactly 1.09 specific gravity 
should contain as calculated by the referee. 

Using the latest atomic weights we were unable to obtain the ratio of ammonia 
to citric acid of 1 to 3.766 but secured 1 to 3.758. If the burette reading (26.34 cc. 
of tenth-normal ammonia given in your instructions is calculated with the correct 
factor (0.0017034) for tenth-normal ammonia you will obtain an equivalent of 44.867 
grams of ammonia per liter. Using this to calculate the ratio, 1 to 3.757 is obtained. 

W. J. Jones , Jr.; In looking hurriedly over the instructions and results it seems 
to me that there are a number of places in the proposed method where appreciable 
errors are likely to occur. In the first place, I note that the method deals with 
chemically pure citric acid and ammonia and the results thus secured are applied 
to a commercial product which we have found quite variable and on which, it seems 
to me, the results may be very misleading. In the second place the actual amount 
of original solution taken for titration really amounts to 1 cc. so that in calculating 
the results to liters the working error is multiplied by 1,000. The instructions call 
for no additional titration after the calculated amount ol ammonia is added . Proulx 
and Deemer, however, find that they are unable to secure the theoretical amount of 
ammonia under the conditions mentioned. I also believe that the pycnometer is 
much more accurate in taking the specific gravity of this solution than the Westphal 
balance, at least such has been our experience. It also occurs to me that the addi- 
tion of a calculated amount of ammonia in any other way than by forcing it into the 
solution from the bottom will result in a loss of some ammonia since the latter is 
so volatile that it cannot be transferred by ordinary means without loss. The use 
of formaldehyde, of which we have been unable to obtain a solution that was neutral 
necessitating the addition of a neutralizing agent, also increased the chances for 
error. 

Taken as a whole, therefore, it would seem that much more work was necessary 
to insure that the method will give the results expected of it. Undoubtedly the 
methods now in use by the association do not give concordant results. So far as 
the corallin method is concerned we have never had any one connected with this 
laboratory who could any more than guess at the neutrality of the citrate solution 
by this method. Practically since its adoption as the alternate method we have 
prepared our citrate by the alcoholic calcium chlorid method with exceptionally 
good results so far as uniformity of the ammonia content of the solution is con- 
cerned. The average specific gravity and ammonia content per liter of 112 ammonia 
citrate solutions prepared in this laboratory since March 8, 1899, give 1.09006 and 
43.63 grams, the specific gravity of each being made with pycnometer. The ammoni a 
in these solutions was determined by taking 25 cc. at 20° C., making up to a volume 
of 250 cc. at the same temperature and distilling the ammonia with magnesium oxid 
in the usual manner. These solutions have been prepared by a large number of 
analysts who have been able to secure concordant ammonia content by the method 
mentioned, the ratio of citric acid to ammonia in our solution being 1 to 3.846. 

Using our regular solution on the samples submitted by you, Proulx and Deemer 
obtained the following results: 

Per cent insoluble 

Sample phosphoric acid (PsOs) 

/9.79 
\9.74 
f0.29 
\0.34 
r 2 . i9 
\2.13 


3 
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The results in No. 1 you will note are appreciably lower than those with the titra- 
tion citrate as well as the citrate prepared with litmus. While it is quite probable 
that the solution prepared with alcoholic calcium chlorid may be slightly acid on 
the basis of theoretical results our experience indicates that absolutely concordant 
results can be obtained with it from year to year and based on the report made by 
Proulx and Deemer regarding the formaldehyde method I believe more difficulty 
will be experienced with the latter than with the alcoholic calcium chlorid method. 

C. P. Jones and L. S. Walker: There seems to be no difficulty in obtaining checks 
in the determination of ammonia by the magnesium oxid method, but we had some 
trouble in titrating the citric acid with tenth-normal sodium hydrate using formal- 
dehyde. A blank was used and by titrating just to the turning point, then boiling, 
a uniform color resulted. In this way very good checks could be obtained. 

Paul Rudnick and W . L. Latshaw: Only one solution of neutral ammonium citrate 
was prepared for this work, since we have been for some time preparing this solu- 
tion for our regular work by a combination of the two methods described with slight 
modifications. In the titration method the modification consists merely in chang- 
ing the quantities measured out. We make up 25 cc. of the ammonium citrate solu- 
tion to 250 cc. and draw off aliquot portions of 25 cc. each for the determination of 
citric acid and ammonia. The indicator method is carried out in this laboratory 
as follows: 

Prepare a small stock of 1 per cent azolitmin solution in water and keep it in a 
dropping bottle which has a small pledget of cotton in place of the usual rubber bulb 
in order to avoid mold. Add 3 cc. of this 1 per cent solution of azolitmin to 1,000 cc. 
of neutral, freshly-boiled and cooled distilled water, which will give a distinct, but 
not too deep color. Place five portions of 5 cc. each of the ammonium citrate solu- 
tion to be tested in 50 cc. tall Nessler jars and make up to volume with the water con- 
taining azolitmin solution. To four of these tubes add 1.0 cc. and 0.5 cc. of tenth- 
normal ammonia and tenth-normal citric acid respectively and compare the colors 
of these with the fifth tube (to which nothing has been added) in the Craven- Jennings 
colorimeter. 

We find that the triammonium citrate solution, which the analytical specifica- 
tions contemplate, is practically neutral to azolitmin and that the two methods con- 
stitute excellent checks on each other. For this reason we are submitting but one 
set of results with neutral ammonium citrate solution. As a matter of interest, 
however, we are also submitting results obtained by the use of tenth-normal citric 
acid (J. Ind. Eng. Chem., 1914, 6 : 486). 

It is evident that tenth-normal citric acid gives results which are quite com- 
parable with those obtained by neutral ammonium citrate on Samples 2 and 3. 
In the case of Sample 1, in which the insoluble phosphoric acid content is compara- 
tively high, the agreement is not quite so good, but there is just as much divergence 
in the individual results obtained by the neutral ammonium citrate as there is be- 
tween those obtained by the two solutions. 

These results are submitted with the request that the referee on phosphoric acid 
take up the determination of insoluble phosphoric acid from the standpoint of work- 
ing out a suitable substitute for neutral ammonium citrate solution. As stated by 
us in the paper referred to, a dilute acid solution of suitable concentration is much 
more easily prepared, and it overcomes difficulties in filtration and washing inherent 
in the neutral ammonium citrate method. Moreover, it represents a considerable 
economy, particularly at the present time when citric acid can hardly be obtained 
at any price. 
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It was suggested by the referee that samples of neutral ammonium oitrate from 
several laboratories be tested for their ammonia and citric acid ratio, and also to 
be used for the determination of the insoluble phosphoric acid on the three fertilizer 
samples prepared for the co6perative work. Four solutions were procured and re- 
sults were obtained as follows: 


SOLUTION 

INSOLUBLE PHOSPHORIC ACID 

RATIO OF AMMONIA 
TO CITRIC ACID 

Sample 

1 

2 

3 

1 

9.86 

0.28 

2.02 

1 : 3.859 

2 

9.36 

0.29 

1.93 

1 : 3.921 

3 

6.80 

0.26 

1.39 

1 : 3.907 

4 

6.57 

0.38 

1.28 

1 : 4.038 


The difference between the highest and lowest test for insoluble phosphoric acid 
on Sample 1 (which was a complete fertilizer having a bone base) illustrates in a 
striking manner, the necessity of some uniform and accurate method of pre- 
paring the neutral solution of citrate of ammonia. A variation of 3.29 per cent 
of insoluble phosphoric acid as shown by the highest and lowest test on Sample 1 
would mean a difference in valuation on this fertilizer of $2.53 per ton. Even Sam- 
ple 3 which is a complete fertilizer with acid phosphate as a base, shows altogether 
too wide a variation in insoluble phosphoric acid by the various solutions in use 
in the several laboratories. Attention is called to the relatively wide variation 
existing in the ratio of ammonia to citric acid in the various solutions. It might be 
stated in this connection that citrate solution cannot be safely carried over from 
one season to another. A solution prepared in the Massachusetts experiment sta- 
tion laboratory in September, 1913, was analyzed in April, 1914, and its ratio was 
found to be 1 to 3.971, and when used in the analysis of fertilizer Sample 1, 8.85 per 
cent of insoluble phosphoric acid was obtained. These tests indicate that the 
solution had broken down, ammonia being lost, and showed a decided acid character. 

CONCLUSIONS. 

It seems unfortunate that a more hearty cooperation could not be 
secured from the association in this most valuable line of work. Reports 
were received from only four laboratories. These reports, however, 
show much care and thought by the various analysts and furnish many 
valuable suggestions which will hardly fail to be of great help to the 
referee in planning future work. 

Although the variety of results obtained does not allow the drawing 
of any definite conclusions, yet they all emphasize the great importance 
of some more uniform and accurate method of preparing the neutral ci- 
trate of ammonia solution. The suggestion of Mr. Rudnick that some 
substitute for neutral citrate solution be studied, seems to possess more 
than ordinary merit. 
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RECOMMENDATIONS. 

The associate referee would therefore recommend — 

(1) That the titration method of preparing neutral citrate of ammonia 
solution receive further study. 

(2) That the referee for 1915 be requested to plan work that will show 
the relative worth of substitute solutions in the determination of insoluble 
phosphoric acid in fertilizers. 

TRIAMMONIUM CITRATE. 

By Robert A. Hall (University of Minnesota, Minneapolis, Minn.). 

The writer first prepared the salt, normal triammonium citrate, in 1911 
shortly after the completion of the investigations which were expressed 
in the papers “The Physical Properties of Aqueous Solutions Containing 
Ammonia and Citric Acid” (J. Amer. Chem. Soc., 1911, 33: 711) and the 
“Preparation of Neutral Ammonium Citrate Solutions by the Conduc- 
tivity Method” (J. Ind. Eng. Chem., 1911, 3: 559). The salt thus ob- 
tained reacted alkaline to rosolic acid (corallin), although the analyses 
showed it to have the composition of normal triammonium citrate. As 
this was contradictory to all the literature then existing on the subject 
it was deemed advisable to make further investigation. In the spring 
of 1912 further samples of the salt were made, analyzed, and certain 
physical and chemical properties were observed. 1 The method of 
preparation and general properties of the salt were reported, for the 
purpose of record, at the meeting of the Academy of Science of St. Louis, 
April 21, 1913. 2 An informal oral announcement of the preparation 
and properties of the salt was also made at the May meeting of the 
St. Louis section of the American Chemical Society. It was desired to 
continue the investigation of the salt along the following lines: (1) As to 
its physical chemical properties, it was deemed necessary to investigate 
experimentally the concentration of the ammonia and citric acid ions in 
both a dilute solution and in a solution of the concentration used in the 
fertilizer analysis; also, to ascertain by experimental research the proper 
indicator to be used in testing the neutrality of the “neutral” ammonium 
citrate solutions; (2) the character and effect of the growth that so fre- 
quently occurs in so-called neutral solutions of ammonium citrate; (3) 
the pharmacological properties of the salt. 

1 1 am indebted to J. T. Ragsdale, Jr. and H. W. Ramsay, my students, of St. 
Louis, for their assistance in making these preliminary analyses. 

* Trans. Acad. Sci. St. Louis, 1913, 22 : 40. * 
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In the summer of 1913 the investigation of the physical chemical proper- 
ties had been scarcely begun in the Kent Chemical Laboratory, Univer- 
sity of Chicago, when Hildebrand’s paper, “Some Applications of the 
Hydrogen Electrode in Analysis, Research, and Teaching” 1 appeared. 
Hildebrand had anticipated a part of the investigation desired and had 
announced his intention of investigating and determining the proper 
indicator for concentrated solutions of neutral ammonium citrate, so this 
part of the research was deferred. The recent appearance of his paper 
on “The Preparation of ‘Neutral’ Ammonium Citrate,” 2 enabled me to em- 
ploy his results in the examination of the salt under investigation and to 
complete that part of it. Although the investigation of the growth 
formation in the solution and the pharmacological properties of the salt is 
still incomplete yet the importance of the salt, to the fertilizer chemist 
in particular, is thought to be sufficient justification for publishing the 
results so far obtained. 

Hantsch found in his investigations of tautomeric salts that by passing 
perfectly dry ammonia gas into solutions of organic substances in per- 
fectly anhydrous ether or benzol that tautomeric forms of chloramids, 
nitro derivatives, etc., hitherto regarded as unstable because of the dis- 
sociating effect of water, could be prepared and obtained pure in quantity. 
If proper care were taken to keep even traces of water from the compound 
until it had been freed from the mother liquor and perfectly dried, then 
these bodies were unaffected by moisture and could be freely exposed to 
the air. This suggested to me that triammonium citrate could be pre- 
pared by passing dry ammonia gas into a solution of citric acid altogether 
freed from the presence of water. This could be done by dissolving the 
anhydrous citric acid (made anhydrous by carefully heating the acid 
in vacuo to its melting temperature and carefully maintaining this tem- 
perature until the water of crystallization was completely removed) 
in an anhydrous solvent and then passing through the solution in excess 
a stream of perfectly dry ammonia gas. Since the diammonium citrate 
is soluble in boiling alcohol, absolute alcohol could be used as the solvent 
and precipitation would not occur until the formation of the triammonium 
citrate began. Moreover, only the pure triammonium salt would be ob- 
tained if the solution were kept at the boiling point until the acid had 
been completely converted into the normal salt. The yield would be 
quantitative. The normal salt could be freed from its mother liquor by 
decantation and by repeated washings with the anhydrous solvent, finally 
removing the last trace of the solvent by the suction of the filter pump. 
The salt, being thus perfectly dried, should be stable; it could then be 
exposed to the moisture of the air without undergoing decomposition. 

1 J. Amer. Chem. Soc., 1913, 85 : 847. 

* J. Ind. Eng. Chem., 191%, 6: 577. 
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Results obtained fully justified these conclusions. The solvent and 
washings could be freed from ammonia and recovered in the usual way, 
thus reducing the loss incurred in the preparation to that of the excess 
of ammonia gas used (and even this loss could be prevented by recovery 
of the ammonia) . 


EXPERIMENTAL. 

Preparation of the normal triammonium citrate salt . — Citric acid was 
freed from its water of crystallization by heating it to 150° C., the melt- 
ing point of the acid. The temperature was not allowed to go much above 
this point as the acid is decomposed by a higher heat. The removal of 
the water of crystallization was facilitated by the use of the vacuum 
pump. A weighed amount of this water-free acid was placed in a round- 
bottom flask whose mouth was sufficiently large to permit the use of a 
rubber stopper through which three tubes passed. One tube was for 
the admission of the ammonia gas; this tube extended nearly to the bot- 
tom of the flask and was slightly bent to avoid coming in contact with 
the extended flanges of the stirrer when in motion. Through the center 
of the stopper passed the stirrer which was propelled by a motor of a size 
sufficient to preclude the possibility of the stirrer stopping during the 
experiment. The third opening was for the entrance of the lower end 
of a reflux condenser tube which served the double purpose of an exit 
tube for the excess of ammonia gas and also for the condensation and return 
into the flask of the alcohol used as solvent, thus preventing the loss 
of alcohol. The upper end of the condenser was connected with a tightly- 
fitting tube which conducted the excess ammonia out of doors. The 
ammonia gas was obtained from a tank of liquid ammonia, or was pre- 
pared by allowing strong ammonia water to drop into a flask containing 
solid sodium hydroxid and ammonium chlorid. In either case, for the 
purpose of completely drying the ammonia, the gas was first passed through 
a reflux condenser and then through several upright towers filled with 
solid sodium hydroxid. Absolute alcohol, distilled over sodium, sufficient 
to dissolve completely the citric acid and also to cover completely the stirrer 
when in motion, was added and brought to the boiling temperature by 
heating on an electric bath. Ammonia gas was then slowly bubbled into 
the boiling solution which was being vigorously stirred by the electrically- 
propelled stirrer. 

For some few minutes, dependent upon the concentration of the acid 
solution and upon the rate of admission of the gas, no precipitation oc- 
curred. This was as expected and was probably due to the formation 
of the mono- and diammonium citrates which are soluble in boiling alco- 
hol. As soon as the formation of the triammonium citrate began, pre- 
cipitation occurred and continued until all the acid had been converted 
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into triammonium citrate. When the precipitation was completed the 
heat was discontinued but the ammonia gas was allowed to pass through 
the solution until the flask had become entirely cool. This served to 
prevent air bearing water vapor from entering the flask as the flask cooled. 
The supernatant liquid was decanted from the salt and the salt washed 
several times by decantation with absolute alcohol until the washings 
were free from ammonia, finally being pressed dry on the Bilchner funnel, 
using the rubber dam cover with the suction pump as suggested by Gort- 
ner. 1 The salt was further pressed out on a clay plate, dried for an hour 
on a dry steam bath, and then placed in a desiccator over sulphuric acid 
for 24 hours. The yield of triammonium citrate was quantitative. The 
alcohol used as solvent and washings was -freed from ammonia and re- 
covered in the usual way, thus making the only loss in the preparation 
that of the excess of ammonia used. 

The method of preparation was varied by substituting for anhydrous 
citric acid Kahlbaum's purest citric acid, containing one molecule of 
water of ciystallization. Otherwise the preparation was carried out as 
given. It was a great surprise to me that so pure and stable a salt was 
obtained. The yield, however, was not quantitative as much of the salt 
adhered to the sides of the flask. The yield was about 85 per cent. 

Again the method of preparation was varied by omission of the use of 
the electrically-propelled stirrer. The flask was shaken by hand from 
time to time. There was observed a tendency of the precipitate to clog 
and stick to the walls of the flask. The flask was tightly corked and 
allowed to stand for a week. It was found that the salt obtained was 
the normal triammonium citrate. The yield was not over 75 per cent. 

Another variation in the method of preparation was introduced by the 
substitution of ordinary 95 per cent alcohol for the absolute alcohol, 
the other conditions remaining as given in the first method of preparation. 
From 60 grams of anhydrous citric acid about 30 grams of the normal 
salt were obtained. As the mixture of the di and triammonium citrates 
adhered closely to the walls of the flask, it was easy to separate the pure 
salt. (While it has not been tried out yet it is very likely that the citric 
acid with its water of crystallization can be used in this method also.) 

PROPERTIES OF TRIAMMONIUM CITRATE. 

Triammonium citrate, prepared from a solution of the anhydrous 
citric acid in absolute alcohol or from a solution of pure citric acid contain- 
ing water of crystallization in absolute alcohol, is a beautiful white, micro- 
scopically-crystalline salt. It is stable in so far that it can be exposed 
to the air for more than 24 hours without material change, can be 


1 J. Amer. Chem. Soc., 1914, 86: 1967. 
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heated for an hour or more on a dry steam bath, or kept indefinitely in a 
desiccator over sulphuric acid. It is exceedingly soluble in water and can 
not be recrystallized from a water solution by evaporation. When a 
saturated water solution, cooled in a freezing mixture of ice and salt is 
poured into absolute alcohol similarly cooled, a mass of long, beautiful 
crystals is obtained; these are doubtless the triammonium citrate salt 
with one or more molecules of water of crystallization. They were very 
unstable and were not analyzed. McCandless in a recent publication 
states that he has prepared a triammonium citrate (NH^CcHbO?, in a 
similar way. Because of the instability of his salt it is likely that it 
contained one or more molecules of water of crystallization. It is hoped 
to take advantage of the winter cold of Minnesota to prepare and to ob- 
tain in a pure form this salt by handling it nearly altogether in the out- 
door cold. If a saturated water solution of the normal triammonium 
citrate, at room temperature, is added to alcohol, oily-like drops are ob- 
tained but no crystals. The water solution of the normal triammonium 
salt is slightly alkaline to rosolic acid (corallin), thus fulfilling the pre- 
diction of Hildebrand. 1 On exposure to the air a water solution of the 
salt loses ammonia and reacts acid. Upon prolonged heating on the 
steam bath or prolonged exposure to the air the solid salt loses ammonia 
and doubtless passes over into the diammonium citrate. 

ANALYSIS OF THE TRIAMMONIUM CITRATE. 

The carbon, hydrogen, and nitrogen contents were determined by 
elementary analyses of a sample of the salt that had been dried on the 
steam bath for an hour and then further dried over sulphuric acid in a 
desiccator for some days; 0.2501 gram of the salt gave: 

(1) 0.1583 gram of water. 

(2) 0.2712 gram of carbon dioxid. 


Calculated for Found 

(NHOiGiHtO: Per cent Per cent 

Hydrogen 7.05 7.04 

Carbon 29.61 29.58 


0 2115 gram of substance gave 0.0366 gram of nitrogen. 

Nitrogen calculated for (NHOsCeHtO?, 17.28 per cent. 

Nitrogen found, 17.30 per cent. 

Assuming that the salt was pure triammonium citrate a tenth-normal 
solution was made and 50 cc. of this solution, corresponding to 0.4050 
gram of the salt was taken for analysis. An excess of a standardized 
sodium hydroxid was added to this solution in a Kjeldahl flask and the 
ammonia was determined in the usual way; 0.88513 gram of ammonia 
was obtained. Ammonia calculated for (NH^sCbHbOt, 21.01 per cent; 
found, 21.02 per cent. The excess of alkali in the distillation flask was 

1 Loc. cit. 
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determined and the citric acid content of the salt found. Calculated 
citric acid for (NH^CsHbOt, 78.98 per cent; citric acid found, 78.96 per 
cent. 

For analysis and trial by a chemist in actual comparison with solu- 
tions in the daily determination of the phosphoric acid content of fertilizers 
a sample of the salt analyzed was sent to Paul Rudnick, of Armour and 
Company, Union Stock Yards, Chicago. His report is given below: 

Rudnick: We made up a solution of ammonium citrate from the triammonium 
citrate which you sent us. The quantity received was a little more than sufficient 
for 500 cc. in all. Its reaction to azolitmin, by the method described in my paper 
“On the Preparation of Neutral Ammonium Citrate/ * was neutral. Analysis of 
the solution showed that the salt which you sent me must, therefore, have been 
99.12 per cent pure triammonium citrate. The specific gravity of this solution 
was 1.0898 at 20° C. Accordingly we added the calculated additional amount of 
the salt, which made the specific gravity of the solution 1.092 at 20° C. The ratio 
between ammonia and citric acid was then that required by the Patten and Marti 
standard (J. Ind. Eng. Chcm., 1913, 5: 567). 

We then prepared a solution of neutral ammonium citrate from pure citric acid 
and ammonia and analyzed four different samples of fertilizers with each of the 
two solutions. The results obtained were as follows: 

Insoluble phosphoric acid 

Official neutral 

Solution tri- ammonium citrate 

Sample ammonium citrate solution 

Per cent Per cent 

10 and 5 0.74 0.71 

Acid phosphate 0.10 0.10 

Complete fertilizer containing acid phosphate only... 2.29 2.27 

Complete fertilizer containing acid phosphate and 
bone 4.55 4.58 

The concordance of these results is all that could be expected. 


REPORT ON NITROGEN. 

By R. N. Brackett (Agricultural Experiment Station, Clemson College, 
S. C.), Referee, and H. D. Haskins (Agricultural Experiment 
Station, Amherst, Mass.), Associate Referee. 

SELECTION OF SAMPLES. 

After some correspondence with the associate referee and with C. H. 
Jones (Vermont) with regard to the nature of the samples to be sent 
out, and with Mr. Jones and J. P. Street (Connecticut) in reference to 
any possible modifications in their published methods of determining the 
activity of nitrogen in fertilizing materials and mixed fertilizers, nine 
samples were sent to the twenty laboratories consenting to take part in 
the work. 
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It may not be out of place to state why the particular materials selected 
this year were chosen, rather than some of the so-called “wet mix,” or 
“base goods.” It appeared to the referee that sufficient work had already 
been done both in the laboratory and in the field by Jones, Street, Haskins 
(Massachusetts), Frear (Pennsylvania), Hartwell (Rhode Island) and 
others to establish the fact that “wet mix” or “base goods” are acceptable 
as far as the activity of the nitrogen is concerned. On the other hand, 
there are on the markets, certainly in the South, and doubtless also to 
a very great extent in the North, very large quantities of leather prepara- 
tions and so-called beet root manure, and smaller quantities of tartar 
pomace, or grape pomace, or grape fertilizer. The leather preparations 
masquerade under such terms as high grade tankage, tankage (and so 
far as I can learn are generally carried on the books of the fertilizer com- 
panies by these names), nitrogenous manure, (a very common name), 
nitrogenous material, organic manure, nitrolene, azotin, Munro’s azotin, 
kanona tankage, Remsdorff tankage. 

The special reason for selecting Samples 1, 2, and 3 was that work might 
be done on a mixture of tartar pomace and dried blood, the claim having 
been made that a mixture of these two materials in the proportion of 
nine of the former to one of the latter would not show a mean nitrogen 
activity by the Jones method. Special care was taken in the preparation 
of the samples and in securing a quantity large enough to meet all needs, 
even for pot tests, when desired. 

OBJECT OF THE WORK. 

As both the Jones and Street methods have been tried long enough to 
show that by the use of either of them, it is quite possible to differentiate 
between good and poor fertilizing materials, as a rule, and also to detect 
in mixed fertilizers the presence of poor or low grade materials, the chief 
of *;>ct of the work this year has been to ascertain whether, with carefully 
plowed samples and explicit instructions, chemists in different labora- 
t< r fes would obtain reasonably concordant results, which would warrant 
the establishment of certain standards of nitrogen activity, if consid- 
ered desirable, in raw materials and mixed fertilizers furnishing organic 
nitrogen. 

INSTRUCTIONS FOR COLLABORATORS. 

Samples are numbered 1 to 9, inclusive. 

Samples 1 to 8, inclusive, are to be used for the so-called nitrogen availability 
determinations by the Jones and Street methods. They are raw materials with 
the exception of 4, which is a mixed fertilizer. 

Sample 9 is a nitrate to be used for the determination of total nitrogen by the 
zinc-ferrous sulphate-soda method. 
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MODIFIED NEUTRAL PERMANGANATE METHOD FOR THE AVAILABILITY 
OF ORGANIC NITROGEN (STREET ). 1 2 * 

Weigh a quantity of the fertilizer, equivalent to 45 mg. of water-insoluble organic 
nitrogen,* on a moistened 11 cm. filter paper, and wash with successive portions 
of water at room temperature until the filtrates amount to 250 cc. Transfer insoluble 
residue with 25 cc. of tepid water to a 300 cc. low-form Griffin beaker, add one gram 
sodium carbonate and 100 cc. of 2 per cent permanganate solution. Digest in a 
steam or hot-water bath for 30 minutes at the temperature of boiling water, covering 
the beaker with a watch glass and setting well down into the bath so that the level 
of the liquid in the beaker is below that of the bath. Stir twice at intervals of 10 
minutes. At the end of the digestion remove from the bath, add 100 cc. of cold water, 
and filter through a heavy 15 cm. folded filter. Wash with cold water, small quan- 
tities at a time, until total filtrate amounts to about 400 cc. Determine nitrogen 
in residue and filter, correcting for the nitrogen of the filter. 

ALKALINE PERMANGANATE METHOD FOR ORGANIC NITROGEN ACTIVITY 

(Jones).* 

(1) With mixed fertilizers: 

(a) Transfer an amount of material equivalent to 50 mg. of water-insoluble 
organic nitrogen 4 to a filter paper and wash with successive portions of water at 
room temperature until the filtrate amounts to about 250 cc. When it is found 
necessary to use 4 or more grams of the original material to secure the 50 mg. of water- 
insoluble nitrogen, that is, when the percentage of water-insoluble nitrogen is 1.25 
or less, weigh the required amount into a small beaker, wash by decantation, finally 
transfer to the filter and finish the extraction as previously directed. When a rela- 
tively large amount, that is, 7 to 10 grams of a fertilizer is to be extracted, it is de- 
sirable to weigh out duplicate portions. One is used for the determination of nitro- 
gen activity by the alkaline permanganate method, and the other is Kjeldahled for 
its nitrogen content. Compare the latter figure with the result previously obtained 
from the 2 gram extraction (see second footnote) and in case of any marked dis- 
crepancy, that is, over 0.05 per cent of nitrogen, calculate the nitrogen activity on 
the basis of the exact nitrogen equivalent used. 

(b) Dry the residue at a temperature not exceeding 80° C. and transfer from the 
filter to a 500 to 600 cc. Kjeldahl distillation flask (round-bottom preferred, but, 
if flat-bottom is used, incline at an angle of 30°). Add 20 cc. of water, 15 to 20 si* all 
glass beads to prevent bumping, and 100 cc. of alkaline permanganate solutio U( 35 
grams of pure potassium permanganate and 150 grams of sodium hydroxid, *1 0 \- 
rately dissolved in water, the solutions cooled, mixed and made to volume of oiie 
liter.) Connect with an upright condenser to which a receiver containing standard 
acid has been attached. Digest slowly, below distillation point, with very low 
flame, using coarse wire gauze and asbestos paper between flask and flame, for at 
least 30 minutes. Gradually raise the temperature and when danger (if any) from 

1 J. Ind. Eng. Chem., 1912, 4 : 438. 

2 Determined by washing one gram of the material on an 11 cm. filter with water 
at room temperature to a volume of about 250 cc. Dry and determine nitrogen 
in the residue, making a correction for the nitrogen in the filter paper if necessary. 

1 Vt. Agr. Exper. Sta., Bui. 173. 

4 Determined by extracting 2 grams of the material on a filter paper with water 
at room temperature, until the filtrate amounts to about 250 cc. Determine 
nitrogen in the residue, making a correction for the nitrogen in the filter paper, if 
necessary. 
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frothing has ceased, distill until 95 cc. of distillate is obtained, and titrate as usual. 
In cases where a tendency to froth is noticed, lengthen the digestion period and no 
trouble will be experienced when the distillation is begun. During the digestion, 
gently rotate the flask occasionally, particularly if the material shows a tendency to 
adhere to the sides. It is recommended that as nearly as possible 90 minutes be taken 
for the digestion and distillation. The nitrogen thus obtained is the active water- 
insoluble organic nitrogen. 

(2) With raw materials: 

Transfer an amount of material equivalent to 50 mg. of water-insoluble organic 
nitrogen 1 to a small mortar, add about 2 grams of powdered rock phosphate, mix 
thoroughly, transfer to a filter and wash with successive portions of water at room 
temperature until the filtrate amounts to about 250 cc. When much oil or fat is 
present, it is well to wash somewhat with ether before extracting with water. Pro- 
ceed as under (b) in (1). 

(1) Follow these two methods as described. 

(2) Make all determinations of nitrogen, total, water-insoluble, and perman- 
ganate-insoluble as follows: Place 0.5 gram (in the case of the water-insoluble, 
and of the permanganate-insoluble nitrogen, the residue, in which the nitrogen is 
to be determined) in a digestion flask; add 5 grams of potassium sulphate (powdered), 
0.7 gram of mercuric oxid and 30 cc. of sulphuric acid (specific gravity 1.84). Place 
the flask over a low flame and heat below the boiling point until the solution is prac- 
tically colorless, then raise the heat until solution boils sufficiently to condense 
and clean side and neck of flask. Do not keep at a high heat too long. After all 
adhering particles are washed down by the condensing acid, reduce the heat until 
contents of the flask boils gently, and continue the heat until clear and practically 
colorless. Time should not be over 2 hours. Dilute when cold, add potassium 
sulphid solution, and proceed with distillation as in the regular Kjeldahl process. 

(3) Use acid and alkali of at least half strength for the titration of the ammonia 
from the permanganate-insoluble residue; that is, not more than half as strong as 
that used for total or for water-insoluble nitrogen, unless you are already using 
a tenth-normal alkali. 

(4) Determine the so-called ammoniacal nitrogen by distilling a portion of each 
sample with magnesium oxid (Bur. Chem. Bui. 107, Rev., p. 9). 

(5) Report results in per cent as follows: 


Street method. 

Total nitrogen 
Ammoniacal nitrogen 
Water-insoluble organic nitrogen 
Permanganate-insoluble nitrogen 


Jones method. 

Total nitrogen 
Ammoniacal nitrogen 
Water-insoluble organic nitrogen 
Nitrogen liberated by alkaline perman- 
ganate digestion. 


TOTAL NITROGEN IN SAMPLE 9. 


To 0.5 gram of the nitrate in 600 to 700 cc. flask add 200 cc. of distilled water, 5 
grams of powdered zinc, from 1 to 2 grains of ferrous sulphate, and 50 cc. of a 36° 
Baum6 soda solution. In the neck of the flask place some glass wool and connect 
with the distilling apparatus. Distill off the ammonia and collect as usual in tenth- 
normal sulphuric acid and titrate. 

Determine moisture in all samples. 

1 Determined by extracting 2 grams of the material on a filter paper with water 
at room temperature, until the filtrate amounts to about 250 cc. Determine 
nitrogen in the residue, making a correction for the nitrogen in the filter paper, if 
necessary. 
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RESULTS OF COLLABORATION. 

As the results of the nitrogen determinations have been very discord- 
ant for the past few years, the precaution has been taken to give very 
explicit directions for the determination of nitrogen. It will be noted 
that it is the Kjeldahl-Gunning-Amold method, which is prescribed for 
use in the nitrogen determinations. 

LIST OF COLLABORATORS. 

G. L. Davis, Agricultural Experiment Station, New Haven, Conn. 

G. F. Anderson, Agricultural Experiment Station, Burlington, Vt. 

J. J. Taylor, State Chemical Laboratory, Atlanta, Ga. 

R. B. Deemer, Agricultural Experiment Station, Lafayette, Ind. 

Wm. Rodes, Agricultural Experiment Station, Lexington, Ky. 

E. R. Tobey, Agricultural Experiment Station, Orono, Me. 

T. D. Jarrell and C. G. Remsberg, Agricultural Experiment Station, College Park, 
Md. 

H. D. Haskins, Agricultural Experiment Station, Amherst, Mass. 

0. F. Jensen, Agricultural Experiment Station, Lansing, Mich. 

H. S. Chilton, Agricultural Experiment Station, Agricultural College, Miss. 

E. E. Vanatta, Agricultural Experiment Station, Columbia, Mo. 

Geo. E. Boltz, Agricultural Experiment Station, Wooster, Ohio. 

J. H. Mitchell and B. F. Robertson, Chemical Department, Clemson College, S. C. 
L. A. Hudgins, Agricultural Experiment Station, College Station, Tex. 

J. H. Parkins, State Chemical Laboratory, Richmond, Va. 

J B. Robb, State Chemical Laboratory, Richmond, Va. 

In making up these tables from the results as reported, it was found 
that E. E. Vanatta had given the figures for permanganate-soluble instead 
of permanganate-insoluble in the column headed Permanganate-insoluble, 
at least it appeared so, and the referee took the liberty of making the 
correction. 

Attention should also be called to the fact that Parkins and Robb did 
not use the exact amount of material calculated from the water-insoluble 
organic nitrogen found, but very closely-approximating quantities, and 
they used the same amounts of each sample for both the Jones and Street 
methods. 


COMMENTS OF COLLABORATORS. 

G. L . Davis: Water determination a single one, while the total and ammonia 
nitrogen are averages of closely-agreeing duplicates. Methods outlined by referee 
were followed in all particulars. 

J. J. Taylor : Much difficulty was experienced in getting agreeing duplicates by 
the Street method, especially with Sample 6. All results fairly concordant by Jones 
method, except with 1, 6 and 8 which, however, gave somewhat lower but con- 
cordant results when about 2 grams of ground phosphate rock were mixed with the 
sample before washing out the water-soluble nitrogen, as recommended by Jones 
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TABLE 1. 


Comparative results on samples submitted for codperation . 


SAMPLE AND ANALYST 

w 

u 

S 

o 

a 

TOTAL NITROGEN 

AMMONIA NITROGEN 

WATER— INSOLUBLE OR- 
GANIC NITROGEN 

JONES METHOD 

STREET METHOD 

Nitrogen liberat- 
ed by alkaline 
permanganate 

Activity water- 
insoluble organic 
ni rogen 

Permanganate in- 
soluble organic 
nitrogen 

Activity water- 
insoluble organic 
nitrogen 

SAMPLE 1: 

per tent 

per cent 

per cent 

per cent 

per tent 


per cent 


TARTAR POMACE 









G. L. Davis 

6.40 

2.52 

0.10 

2.45 

0 91 

37 

0 82 

66 

G. F. Anderson 

11 77 

2 70 

0 14 

2 46 

0.93 

38 

0.90 

64 

J. J. Taylor 

12 26 

3 07 

0 17 

2 71 

0 83 

31 

1 20 

56 

R. B. Deemer 

5.30 

2 69 

0 15 

2 47 

0.84 

34 

0 97 

61 

Wm. Rodes 

14 06 

2 72 

0 10 

2.64 

0 79 

30 

1 15 

56 

E. R. Tobey 

12 67 

2 76 

0 10 

2 42 

0.73 

30 

1.11 

54 

T.D. Jarrell and C. G. Rems- 









burg 


2 52 

0 13 

2 40 

0 68 

28 

0 87 

64 

H. D. Haskins 

14 14 

2 48 

0 10 

2.38 

0 90 

38 

0 83 

65 

0. F. Jensen 

7 08 

2 54 

0 15 

2 46 

0 78 

32 

0.92 

63 

H. S. Chilton 

9.50 

2 46 

0 15 

2 41 

0 92 

38 

0.79 

67 

E. E. Vanatta 

12 13 

2 50 

0 12 

2 41 

1 08 

45 

1.14 

53 

G. E. Boltz 

6 33 

2 57 

0 11 

2 38 

0 74 

31 

1 14 

52 

J. H. Mitchell 

5 66 

2 58 

0 13 

2 35 

0 82 

35 

0 90 

62 

L. A. Hudgins 


2 62 


2.45 



0 94 

62 

J. H. Parkins 


2 70 


2 55 

0*96 

38 

1.10 

57 

J. B. Robb 


2.70 


2.58 

0 86 

33 

0.96 

63 


sample 2: 

DRIED BLOOD 


G. L. Davis 

15 60 

12 60 

0 19 

12 11 

9 21 

76 

0 93 

92 

G. F. Anderson. . . ... 

15 90 

12 66 

0.21 

12 18 

8 81 

72 


96 

G. F. Anderson 




12 32 



0 49 

96 

J. J. Taylor 

14 85 

14 18 

6 22 

13 56 

10.28 

76 

1 31 

90 

R. B. Deemer 

14 86 

12 82 

0 25 

12 01 

9 40 

78 

0 99 

92 

Wm. Rodes 

16 88 

12 38 

0 15 

11 98 

6 78 

57 

1.21 

90 

E. R. Tobey 

16 13 

12 30 

0.16 

11.73 

8.63 

74 

3.91 

67 

T.D. Jarrell and C.G. Rems- 









burg 


12.41 

0 23 

11 89 

5 33 

45 

0.86 

93 

H. D. Haskins 

16.65 

12 52 

0 19 

12 17 

8.59 

71 

0 68 

94 

O. F. Jensen 

16.32 

12 52 

0 21 

12.15 

8 86 

73 

1.07 

91 

H. S. Chilton 

16.16 

12 16 

0 38 

11.93 

8.65 

73 

0.55 

95 

E. E. Vanatta 

16 29 

12 38 

0 19 

12 02 

9 97 

83 

2 05 

82 

G. E. Boltz 

16 21 

12.57 

0 20 

12.21 

8 00 

66 j 

1.10 

91 

J. H. Mitchell 

16 60 

12 65 

0 21 

11 76 

9.31 

79 

0.99 

92 

L. A. Hudgins 

15 21 

12.65 


12 21 



1 10 

91 

J. H. Parkins 


12 83 


12 41 

8 84 

71* 

0.79 

94 

J. B. Robb 


12 97 


12.31 

9 32 

76 

2.03 

83 

SAMPLE 3 : 









NINE BY WEIGHT TARTAR POMACE TO ONE 

DRIED 

BLOOD 





G. L. Davis 

6.95 

3.63 

0 11 

3.50 

1 60 

46 

0.85 

76 

G. F. Anderson 

12.06 

3 64 

0 14 

3 51 

1.61 

46 



G. F. Anderson 




3.47 



6.84 

76 

J. J. Taylor 

12.70 

4.18 

0 18 

3 78 

1.54 

41 

1.29 

66 
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R. B. Deemer 

Wm, Bodes 

E. R. Tobev 

T. D. Jarrell and C. G. Rems- 

burg 

H. D. Haskins 14. 

O. F. Jensen 10. 

H. S. Chilton 10.18 3. 

E. E. Vanatta 12.29 3. 

G. E. Boltz 7.56 3.63 0.12 3.43 1.27 37 1.52 56 

J. H. Mitchell 6.91 3.60 0.13 3.32 1.32 40 0.96 71 

L. A. Hudgins 3.52 0.49 86 

J. H. Parkins 3.66 3.47 1.47 42 1.10 65 

J. B. Robb 3.89 3.54 1.26 36 1.19 66 

sample 4: 

MIXED FERTILIZER ABOUT 3.30 PER CENT NITROGEN (2 PER CENT FROM NITROGEN 
MANURE; 1 PER CENT FROM DRIED BLOOD AND 0.30 PER CENT FROM TARTAR POMACE) 


G. L. Davis 

O. F. Anderson 

9.25 

10.52 

3.34 

3.43 

0.06 

0.09 

2.68 

2.81 

1.68 

1.78 

63 

63 

0.23 

91 

G. F. Anderson 




2.67 . 



0.32 

88 

J. J. Taylor 

9.25 

3.74 

0.14 

3.04 

2.01 

66 

0.38 

87 

R. B. Deemer 

8.45 

3.43 

0.12 

2.82 

1.76 

62 

0.37 

87 

Wm. Rodes 

10.86 

3.41 

0 10 

3.05 

1.53 

50 

0.52 

82 

E. R. Tobey 

T. D. Jarrell and C. G. Rems- 

9.28 

3.32 

0.05 

2.65 

1.67 

63 

0 07 

97 

burg 


3.12 

0.11 

2 52 

0.97 

38 

0.36 

86 

H. D. Haskins. 

li .82 

3.30 

0.11 

2.80 

1.78 

63 

0.34 

88 

O. F. Jensen 

9.41 

3.28 

0.13 

2.59 

1.60 

62 

0.37 

86 

H. S. Chilton 

9.59 

3.22 

0.13 

2.49 

1.46 

59 

0.40 

84 

E. E. Vanatta 

10.58 

3.29 

0.09 

2.59 

1.80 

69 

0.76 

71 

G. E. Boltz 

8.97 

3.44 

0.10 

2.64 

1.27 

48 

0.61 

77 

J. H. Mitchell 

9.30 

3.44 

0.10 

2.70 

1.38 

51 

0.34 

88 

L. A. Hudgins 

7.93 

3.31 


2.64. 



0.34 

87 

J. H. Parkins 


3.48 


2.97 

1.94 

65 

0.32 

89 

J. B. Robb 1 1 3.661 1 3.021 

SAMPLE 5: 

NITROGENOUS MANURE ABOUT 8 PER CENT NITROGEN 

1.67 

55 

0.46 

84 

G. L. Davis 

G. F. Anderson 

8.78 

9.25 

8.31 

8.31 

0.18 

0.23 

6.52 

6.35 

4.11 

4.12 

63 

65 

0.57 

90 

G. F. Anderson 




6.38. 



0.75 

"88 

J. J. Taylor 

9.30 

10.38 

0.26 

6.63 

4.26 

64 

1.06 

84 

R. B. Deemer 

8.02 

8.30 

0.23 

6.17 

3.97 

64 

1.07 

83 

Wm. Rodes 

9.65 

7.81 

0.18 

6.60 

3.29 

60 

1.43 

80 

E. R. Tobey 

T. D. Jarrell and C. G. Rems- 

8.79 

8.00 

0.16 

6.28 

3.72 

59 j 

! 

0.36 

i 

94 

burg 


8.08 

0.23 

6.16 

2.41 

39 

0.76 

87 
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TABLE 1— Continued. 


JONES METHOD STREET METHOD 
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TABLE 1— Concluded. 


sample and analyst 

a 

0 

a 

TOTAL NITROGEN 

AMMONIA NITROGEN 

A 

0 

1 * 
§§ 

it 

(6 O 

§5 

go 

JONES METHOD 

STREET METHOD 

Nitrogen liberat- 
ed by alkaline 

» 

Activity water- 
insoluble organic 
nitrogen 

Fermanganste in- 
soluble organic 
nLrogen 

Activity water- 
insoluble organic 
nitrogen 

sample 8: 

per cent 

per cent 

|per cent 

per cent 

|per cent 


per cent 



BEET BOOT MANURE THREE PARTS BY WEIGHT TO NITROGENOUS MANURE ONE PART 


G. L. Davis 

11.83 

G. F. Anderson 

13.47 

G. F. Anderson 

J. J. Taylor 

11.30 

R. B. Deemer 

10.82 

Wm. Rodes 

12.75 

E. R. Tobey 


T. D. Jarrell and C. G. Rems- 
burg 

H. D. Haskins 

13.22 

0. F. Jensen 

11.95 

H. S. Chilton 

11.87 

E. E. Vanatta 

12.12 

G. E. Boltz 

11.81 

J. H. Mitchell 

11.64 

L. A. Hudgins 

11.15 

J. H. Parkins 

J. B. Robb 





4.27 
4.25 

4.28 

1.16 

1.18 

27 

28 


95 

0.76 

82 

6.69 

1.84 

4.27 

1.20 


0,49 

89 

6.16 

1.55 

KBI? 

Kirn 

50 


85 


1.29 

■H 

mwVi 

21 

0.83 

81 

5.78 

1.56 

mm 

1.13 

27 

0.21 

95 

5.92 

1.49 

4.17 


25 


88 

;«r; 

1.76 

4.24 

1.15 

27 

0.33 

92 

sti*! 

EKni 

4.14 

1.10 

26 

0.38 

90 

jiRi 

J .75 

4.27 

KBS 

38 

ekui 

91 

5.95 

1.57 

KBS 

1.45 

35 

0.59 

85 

6.07 

1.58 

4.24 

mwm 

24 

0.75 

82 

5.95 

1.62 

3.99 

KB3 

25 

0.37 

91 



4.16 



0.62 

85 

6.14 


4.29 

1.29 

29 


90 

6.18 


4.20 

1.23 

29 

0.37 

91 


TABLE 2. 


Summary: Samples Nos. 1 to 8 inclusive. 


SAMPLE NUMBER 

JONES METHOD 

STREET METHOD 

Reported 

Per cent good 

Reported 

Per cent good 

1 

15 

87 

16 

81 

2 

15 

73 

16 

81 

3 

15 

60 

16 

31 

4 

15 

60 

16 

75 

5 

15 

40 

16 

75 

6 

15 

60 

16 

75 

7 

14 

100 

15 

87 

8 

15 

73 

16 

88 

Average 


69 


74 
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TABLE 3. 


Sample 9: Nitrate of soda, commercial . 


ANALYST 

MOISTURE 

TOTAL 

NITROOKN 

AVEUAOE 

RESULTS RECEIVED 

G. L. Davis 

1.95 

1.11 

0 25 
1.40 
1.56 

1 24 

15.44 

15 38 

15 70 

15.55 
15.29 
15.92 

15.56 
15.47 

15 71 

14 85 

14 89 

15 30 

15 58 

15.44, 15.42, 15.46 

G. F. Anderson 

R. B. Deemer (?) 


J. J. Taylor 

15.72, 15.80, 15.58 
15.28, 15.30 

Wm. Rodes 

E. R. Tobey 

H. D. Haskins 


O. F. Jensen 

H. S. Chilton 

’2.06’ 

1.43 

1.05 

2.35 

15.44, 15.40 

E. E. Vanatta 

G. E. Boltz 

B. F. Robertson 

J. H. Parkins 

14.96, 14 76, 14.83 
14.84, 14.88, 14.92, 14.95 



15 54, 15 89, 15.48, 15.40 




for raw materials. Commenting on Sample 9— in my opinion this (the zinc-fer- 
rous sulphate-soda) method is the best method for nitrates. I further believe that 
more accurate results could be obtained by weighing a larger quantity, say 5 to 7 
grams, of the sample into a 250 cc. flask, making up solution and taking out an ali- 
quot. This would tend to lessen the manipulative error in weighing out such a 
small quantity of material. 

R . B. Deemer: Instructions were followed as requested with the exception of a 
variation in the usual method of titration in the determination of ammoniacal 
nitrogen on Samples 7 and 8. In the method of digestion the amount of acid greatly 
prolongs the time required for distillation of the ammonia, owing to the fact that 
the alkali necessary to neutralize this acid fills the flask so as to produce frothing 
unless distilled very slowly. With the digestion carried on at such a low temperature 
and for a period of only 2 hours, 20 cc. would be sufficient and not make this delay. 
The percentage of water-insoluble nitrogen obtained on 1 gram of material is slightly 
higher than that obtained on 2 grams. The filtrate from the neutral permanganate 
digestion of Samples G showed no excess of the reagent; the effect, if any, is not evi- 
dent in the results. 

A careful study of the results obtained by the Street and Jones methods shows 
practically no advantage of one over the other so far as accuracy of results is con- 
cerned. The latter is the shorter in point of time, and generally speaking is the 
easier of manipulation. The most serious objection to this method is the distilla- 
tion of 95 cc. from such a small volume, which necessitates carrying the contents of 
the flask practically to dryness, causing caking and a large percentage of breakage. 
This probably does not occur with some forms of condensers. From some results 
obtained it appears that the success of this method depends upon the completion 
of the distillation of the required volume of the distillate in the time specified. The 
most serious difficulty presented by the Street method is the time required for the 
washing of the residue from the permanganate digestion. This washing might be 
hastened by the selection of a grade of filter paper specially suited to this work, 
but as the method is not specific in this particular a C. S. & S. No. 588 folded filter 
was used and may account for the slow filtration. 

T . D . Jarrell: The distillates from Samples 7 and 8 in the determination of the 
ammoniacal nitrogen were very cloudy, the cloudiness beginning when about 40 
cc. of the distillate had come over, but the sharpness of the titration did not appear 
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to be interfered with thereby. In every determination by the Street method, 1 and 
6 decolorized all the permanganate solution used. 

0. F . Jensen: When Samples 7 and 8 are washed on a filter and the ammonia de- 
termined in the washings, the results are about 0.3 per cent lower than the results 
by distillation with the samples in a flask. Results on 9 by the Ulsch method for 
comparison with the zinc-ferrous sulphate-soda method: 15.64 and 15.70, as against 
15.44 and 15.49; the Ulsch method giving about 0.20 per cent higher results. 

G . E. Boltz: One of the greatest sources of error by either method seems to be in 
transferring from the filter paper, in case of the Street method, the water-insoluble 
residue to the beaker, and in the Jones method, the dried residue to the Kjeldahl 
flask. Is there any reason why an additional amount of permanganate cannot be 
used to oxidize the filter paper, so that the filter paper can be transferred with the 
residue, or an abestos filter be used which could be transferred with the residue? 

/. H. Mitchell: I believe that a careful analyst can get fairly good results with 
either method, although occasionally results obtained in two determinations run 
side by side will fail to check by five to ten points. The Jones method is much 
shorter. In this method there is some difficulty in transferring sample from filter 
paper to distillation flask, as it is hard to remove all the residue from the paper. 

B. F . Robertson: The only advantage of the zinc-ferrous sulphate-soda method 
over the combination method, 1 is the rapidity of the determination, when only a 
few determinations are to be made. Too close attention is required where a great 
amount of work is carried on at the same time, for this method to be satisfactory; 
and, too, more experience is required in order to obtain correct results than a method 
for routine work should demand. 

L. A. Hudgins: Not satisfied with results on Samples 3, 6, and 7 by the Street 
method. Results by the Jones method were not regarded as accurate and were 
not reported. 

J. H. Parkins: By the Street method with Samples 1, 5, and 6 the permanganate 
solution was completely decolorized, and 3 partly so. 

DISCUSSION OF RESULTS. 

JONES AND STREET METHODS FOR NITROGEN ACTIVITY. 

Sample 1 . — At first glance the most striking thing about Table 1 is 
the very wide variation in the moisture reported, which, however, seems 
to bear little or no relation to the total nitrogen figures. The figures for 
total nitrogen are, with the exception of the Taylor result, quite satis- 
factory, and the same can be said of the water-insoluble organic nitrogen 
results, as well as for those on ammonia nitrogen. With the exception 
of the determinations by Jarrell and Vanatta, the results reported for 
nitrogen activity by the Jones method are on the whole satisfactory. 
The same may be said of the results reported by the Street method, if 
the results by Tobey, Vanatta, and Eoltz are excepted. 

Sample 2 . — The moistures here are much more uniform. With the 
exception of the results by Taylor and Chilton, the total nitrogen results 
are fairly satisfactory. The same may be said of the ammonia nitrogen 

1 Bur. Chem. Bui. 107, Rev., p. 8 — Gunning method modified for nitrates, with 
addition of mercury oxia; or Kjeldahl-Gunning-Arnold modified for nitrates. 
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figures, if those of Chilton are excepted. The water-insoluble organic 
nitrogen results are a little disappointing. With the exception of the 
results reported by Rodes, Jarrell, Vanatta, and Boltz, the figures for 
nitrogen activity by the Jones method are satisfactory; and the same 
may be said of the Street method, if the results of Tobey, Vanatta and 
Robb are omitted. 

Sample 8 . — The moisture determinations are again remarkable and 
bear no definite relation to the total nitrogen. With the exception of 
the results of Taylor, the figures for total nitrogen may be regarded as 
fairly satisfactory. The ammonia nitrogen results are quite so, and the 
water-insoluble organic nitrogen figures are highly satisfactory, with the 
possible exception of those of Taylor again. About nine of the results by 
the Jones method, varying from 40 to 46 per cent, show a fair agreement; 
five below 40 per cent are obviously too low, and one 61 per cent much 
too high. These nine best, and probably the most correct, of the results 
show that a mixture of nine parts by weight of tartar pomace and one 
of dried blood will give a mean nitrogen activity by the Jones method. 
The results by the Street method arc still more variable, five being from 
71 to 76 per cent, seven from 65 to 69 per cent, and four scattering — 
52, 56, 40, and 86 respectively. Seven of these results show that by the 
Street method a mean nitrogen activity is given when a mixture like 
Sample 3 is made. 

Sample 4 . — While the moisture results are more uniform, they are still 
too variable. The total nitrogen figures are again fairly satisfactory, 
with the exception of Taylor and Robb. The ammonia nitrogen figures 
are on the whole satisfactory. The water-insoluble organic nitrogen 
results are somewhat too variable. About nine of the results by the 
Jones method show a reasonable agreement, the remainder, below 60 per 
cent, appear to be too low. About twelve of the results by the Street 
method show a fair agreement, the rest with one exception appear too low. 

Sample 5 . — The moisture and total nitrogen results are again rather 
variable and bear no definite relationship to one another. The ammonia 
nitrogen figures are good, and the water-insoluble organic nitrogen figures 
on the whole good. By the Jones method six results are from 60 to 65 
per cent, six from 50 to 59 per cent, and the remaining three 39, 47, and 
73 per cent, respectively. The results by the Street method are much 
more satisfactory, eight being from 85 to 90 per cent, seven from 80 to 
84 per cent, and one, 94 per cent. 

Sample 6 . — The moisture and the total nitrogen results leave some- 
thing to be desired. The ammonia nitrogen results are excellent, vhile 
those on water-insoluble organic nitrogen are too variable again. With 
the exception of the results of Taylor, Rodes, Jarrell, Haskins, Jensen, 
and Chilton, the remaining nine results by the Jones method may be 
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considered to agree fairly well, if Jones’ result is taken as a criterion, which 
seems justified. Twelve results by the Street method, varying from 79 
to 87 per cent, show a reasonable agreement, while the remaining six re- 
sults, from 70 to 76 per cent appear to be low. 

Sample 7 . — The moisture figures are too variable. The total nitro- 
gen results are, with the exception of those of Hudgins, quite satisfactory, 
and so on the whole are the ammonia nitrogen results, as well as the water- 
insoluble organic nitrogen results. The fourteen results reported by the 
Jones method are highly satisfactory and agree well. Thirteen of the 
results by the Street method are in good agreement, while the Davis 
result is a little high and the Rodes result too low. 

Sample 8 . — The moisture figures are better. The total nitrogen figures 
are, with the exception of those of Taylor and Hudgins, very satisfactory. 
The ammonia nitrogen results are on the whole good. The water-insoluble 
organic nitrogen figures are fairly good. About eleven of the results by 
the Jones method are in fair agreement, while the results reported by 
Deemer, Chilton, and Vanatta are too high and that by Rodes too low, 
as compared with the rest. The results by the Street method are more 
uniform and in better agreement, with the exception of those of Davis 
and Tobey, which appear too high. 

ZINC-FERROUS SULPHATE-SODA METHOD. 

Sample 9 . — Though a considerable variation in moisture results is appar- 
ent, there does not seem to be any reasonable relationship between them 
and the total nitrogen figures; they do not follow the same curve, and, 
furthermore, the moisture is so small that these figures may be neglected 
in the discussion. A discrepancy of over 1 per cent exists between the 
highest and lowest nitrogen results reported in the table. If the Tobey 
and the Vanatta and Boltz results are omitted as being obviously too high 
and too low, respectively, as compared with the remaining ten results, 
then these ten results fall into two groups of five each: (a) 15.55 to 
15.71, average 15.62; (b) 15.29 to 15.47, average 15.38. These averages 
differ 0.24 per cent, while, if group (a) or (b) be considered alone, the 
results are quite favorable to the method; when all the results are taken 
into account, it appears that more work is necessary before recommend- 
ing the method as official, and that the comments of Robertson are fully 
justified. 

CONCLUSIONS. 

(1) The referee should have given specific directions for determining 
moisture, as no doubt at least part of the differences reported are due to 
different conditions, resulting from various forms of baths used. It is 
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rather interesting to note that the greatest variations in the moisture 
figures occur in the samples containing tartar pomace. 

(2) Previous experience that both the Jones and the Street methods 
enable one to differentiate between good and poor organic nitrogenous 
materials is confirmed. An exception is to be noted in the case of Sam- 
ple 7, beet root manure. It is interesting to note further that in pot tests 
made by Jones, he obtained results which agree with the low activity 
shown by his method for this material. This is a confirmation of the 
previous work of Jones and Hartwell, which indicates that the Jones 
method gives results more in accordance with pot tests than the Street 
method. 

(3) The testimony of the collaborators is that the Jones method is 
somewhat shorter, but the work reported certainly shows that in the 
hands of the inexperienced more uniform results and more closely-agree- 
ing results are obtained by the Street than by the Jones method. The 
indications are that more experience is required to carry out the Jones 
method accurately, and that, therefore, there is a larger personal equation. 

(4) The results this year, while somewhat disappointing, indicate the 
possibility of fixing standards of activity, if so desired. The results on 
Sample 4, confirm the standard for mixed fertilizers recommended in 
South Carolina, which standard was based on the examination of 1536 
mixed fertilizers. The South Carolina standard recommended is, that 
if the water-insoluble organic nitrogen amounts to as much as one-third 
of the total nitrogen, this water-insoluble organic nitrogen must show 
an activity of 75 per cent by the Street method. 

K JELDAHL-GUNNING-ARNOLD METHOD . 

By oversight the referee did not send out a special sample for this 
work. This method was adopted as official by this association in 1908 
but has never been published in the Methods of Analysis, as Bulletin 
107, Revised, has not been revised since that time. The nitrogens 
in Samples 1 to 8, inclusive, were determined by this method. An exami- 
nation of the results for total nitrogen will show the agreement of results 
obtained by sixteen different analysts, which with the exception of those 
on Sample 2 are quite satisfactory. 

As was to be expected Samples 1 and 2, containing respectively the 
smallest and the largest amounts of nitrogen, show the least and the 
greatest difference and the greatest and least average difference. On 
the whole the results are very satisfactory and indicate that this method 
gives very closely-agreeing results in the hands of different chemists. 
As no sample was sent out specially for this work, we have no comparative 
results to submit by other methods for determining nitrogen, but the 
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TABLE 4. 


Total nitrogens by Kjeldahl -Gunning -Arnold method . 


SAMPLB 

RESULTS 

REPORTED 

GREATEST 

DIFFERENCE 

AVERAGE 

DIFFERENCE 

REMARKS 

1 

2 

3 

4 

5 

6 

7 

8 

15 

14 

14 

14 

14 

15 

13 

13 

0.30 

0.67 

0.49 

0.36 

0.37 

0.46 

0.41 

0.40 

0.144 

0.290 

0.224 

0.223 

0.200 

0.244 

0.222 

0.233 

Omitting results by Taylor. 

Omitting results by Taylor and Chilton. 
Omitting results by Taylor. 

Omitting results by Taylor and Robb. 
Omitting results by Taylor and Rodes. 
Omitting results by Taylor. 

Omitting results by Hudgins and Rodes. 
Omitting results by Taylor, Hudgins 
and Rodes. 

Totals 

112 

3.46 

1.780 


Averages. . 


! 0.308 

0.159 



results in our own laboratory and those given by Mr. Trescot show that 
this method is to be preferred to any other for rapid and accurate work, 
unless further investigation shall show that the substitution of copper 
sulphate for oxid of mercury gives as good or better results. Last Janu- 
ary I received a letter from A. J. Patten (Michigan), who offered to let 
me have the results of some recent work done in his laboratory on the 
Kjeldahl-Gunning-Arnold method with the use of copper sulphate in lieu 
of oxid of mercury. These results are given here: 

TABLE 5. 

Determination of nitrogen by the Gumming -Copper and Kjeldahl-Gunning- 
Arnold methods {Patten). 


SUBSTANCE 

GUNNING-COPPER METHOD 

H HOURS 

KJELDAHIr-GUNNING— ARNOLD 
METHOD 1} HOURS 

Maximum 

Minimum 

Average 

Maximum 

Minimum 

Average 


per cent 

per cent 

per cent 

per cent 

per cent 

per rent 

Gelatin 

15.14 

15.12 

15.13 

15.16 

15.04 

15.09 

Egg albumin (dried) 

12.86 

12.75 

12.80 

12.86 

12.80 

12.83 

Peptone 

14.49 

14.38 

14.45 

14.49 

14 38 

14.43 

Casein 

13.87 

13.81 

13 83 

13.92 

13.81 

13.85 

Feathers 

14.49 

14.43 

14.47 

14.54 

14.38 

1 14.46 

Leather 

4.83 

4.72 

4.76 

4.80 

4.75 

4.78 

Fish scrap 

6.48 

6.35 

6.43 

6.51 

6.43 

6.47 

Animal tankage 

6.32 

6.26 

6.31 

6.35 

6.29 

6.33 

Garbage tankage 

2.99 

2.96 

2.98 

3.00 

2.96 

2.99 

Beef scraps 

9.14 

8.97 

9.04 

9.05 

8.97 

8.99 

Castor bean pomace. 

4.66 

4.55 

4.59 

4.55 

4.52 

4.53 

Cocoa 

4.01 

3.94 

3.97 

3.97 

3.90 

3.93 

Cottonseed meal 

7.33 

7.30 

7.31 

7.29 

7.24 

7.26 

Cottonseed meal 

6.43 

6.40 

6.42 

6.37 

6.32 

6.35 

Linseed meal 

5.64 

5.59 

5.61 

5.50 

5.50 

5.50 

Silage 

1.30 

1.26 

1.28 

1.29 

1.26 

1.27 

Flour 

2.43 

2.41 

2.42 

2.44 

2.43 

2.43 

Bran 

2.60 

2.55 

2.58 

2.58 

2.58 

*2.58 

Bone meal 

3.06 

3.02 

3.04 

3.11 

3.02 

3.07 

Peat 

2.41 

2.37 

2.38 

2.37 

2.36 

2.37 


1 Two determinations only. 
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\per cent per cent per cent per cent per cent per cent 


BONE meal: 

Gunning-Copper 6 2.18 2.16 2.16 4 2.20 2.18 2.19 

Kjeldahl-Gunning-Arnold. . 6 2 25 2.19 2.20 4 2.20 2.18 2.19 

DRIED BLOOD: 

Gunning-Copper 6 14.11 14.03 14 07 6 14.24 14.07 14.13 

Kjeldahl-Gunning-Arnold. . 6 14.32 14.11 14 24 6 14.32 14.19 14.29 

cyanamid: 

Gunning-Copper 6 15 75 15.37 15 52 6 15.62 15.50 15 53 

Kjeldahl-Gunning-Arnold. 6 15.62 15 46 15.55 6 15.54 15.41 15 49 

LINSEED MEAL: 

Gunning-Copper 6 5 53 5.45 5 49 5 5 62 5.50 5 57 

Kjeldahl-Gunning-Arnold. 6 5.62 5 53 5 56 4 5 62 5.59 5 61 

2 Horns 3 ii ou kk 


BONE meal: 

Gunning-Copper 6 2 20 2 18 2.19 6 2.23 2 20 2 20 

Kjeldahl-Gunning-Arnold.. 6 2.23 2.19 2 20 6 2 22 2 20 2.20 

dried blood: 

Gunning-Copper 6 14 32 14.15 14 22 6 14.40 14.23 14.29 

Kjeldahl-Gunning-Arnold. 6 14 30 14.19 14.25 6 14.34 14.15 14.26 

cyanamid: 

Gunning-Copper 6 15*67 15.46 15.55 6 15.58 15.50 15.53 

Kjeldahl-Gunning-Arnold.. 5 15.62 15 50 15.55 6 15.62 15.50 15.55 

LINSEED MEAL*. 

Gunning-Copper 6 5.62 5.50 5.55 6 5.56 5.64 5 62 

Kjeldahl-Gunning-Arnold 6 5 59 5 53 5 58 6 5 62 5 56 5.58 


An examination of the figures given in these two tables shows that the 
results are very satisfactory and leave little or nothing to be desired 
either as to accuracy or time of digestion. 

B. F. Robertson of my own laboratory (Clemson College, S. C.) has 
been doing some work recently and reports as follows: 

I have used the Kjeldahl-Gunning-Arnold method for total nitrogen since 1908, 
and regard this method as the most satisfactory that has yet been brought out, 
the only objection being the use of mercury, which fouls the condensing tubes in 
the distillation. Recently I have made some determinations using copper sulphate 
instead of mercury, and find this to be satisfactory, but requiring a little more time 
for the digestion. On 21 samples with nitrogen content varying from 2 to 15 per cent, 
the general average was 0.03 per cent higher than when mercury was used. With 
only this limited amount of work, I am unable to say whether copper sulphate can 
be used with as much accuracy under all conditions as mercury. 

It may not be out of place in .this connection to call attention to the 
work of T. C. Trescot, Chief of the Nitrogen Laboratory, Bureau of Chem- 
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istry, published in the Journal of Industrial and Engineering Chemistry, 
1914, volume 6, page 914, “Comparison of the Kjeldahl-Gunning-Arnold 
Method with the Official Kjeldahl and the Official Gunning Methods of 
Determining Nitrogen.” Mr. Trescot closes his paper as follows: 

The general conclusion from these results is that the Kjeldahl-Gunning-Arnold 
method with one and one-half hours’ oxidation, except in the case of cyanamids, 
which require two and one-half hours, gives more concordant and reliable estima- 
tions of nitrogen than the official Gunning or the official Kjeldahl methods, both 
of which require from 3 to 4 hours for oxidation, depending upon material. 

I understand from his paper that Mr. Trescot used mercury and no 
copper sulphate. 

RECOMMENDATIONS. 


It is recommended — 

(1) That the zinc-ferrous sulphate-soda method for nitrates be further 
studied during the coming year, with a view of final adoption as official 
in 1916, and that it be now adopted as provisional. 

(2) That the Jones and Street methods for the determination of organic 
nitrogen activity be further studied during the coming year, with the 
special purpose in view of improving or modifying the manipulations in 
the conduct of each process, so as to increase the accuracy of the water- 
insoluble organic nitrogen determinations, and, in the case of the Jones 
method, to overcome the difficulties experienced by most analysts in the 
distillation with alkaline permanganate; and that they be now adopted 
as official. 

(3) That the Kjeldahl-Gunning-Arnold method be further studied, 
although already adopted as official, especially as to the use of copper 
sulphate in place of mercury. 

No report was made by the associate referee on the special study of 
the Kjeldahl method. 

ANALYSIS OF NITROGEN IN LEATHER WASTE. 

By R. Phillips Rose (Mellon Institute of Industrial Research, Uni- 
versity of Pittsburgh, Pittsburgh, Pa.). 1 

During the past few months the Mellon Institute of Industrial Re- 
search has been conducting quite an extensive research on new methods 
of converting leather waste into fertilizer using the alkaline and neutral 
permanganate methods for the determination of available organic nitro- 

1 Not read at the meeting. 



1915 ] rose: analysis of nitrogen in leather waste 397 

gen for control of the work. Since some very interesting data in regard 
to the application of the two methods of analysis have been obtained, 
it was thought that perhaps this information would be of interest to the 
referee of the work on nitrogen done in connection with the work of the 
Association of Official Agricultural Chemists. 

In carrying out some 400 analyses of treated leather for available or- 
ganic nitrogen, it was noticed that there occurred quite wide variations 
in the results obtained by the use of the two methods. The neutral 
permanganate method in all cases gave constant results, but the alkaline 
permanganate in every case gave lower results than the neutral and 
there was also a variation between results obtained at different times 
using the alkaline method on the same sample, although there was al- 
ways good agreement between duplicates. In using both methods the 
directions for the work described in Bulletin 162 of the Bureau of Chemis- 
try were followed rigidly and every precaution taken to insure accuracy. 

In the beginning it was thought that this variation was due to oxidation 
of the ammonia in the distillation with alkaline permanganate; accord- 
ingly, a scries of experiments was carried out to test this point, but in 
every case negative results were obtained. This result was rather sur- 
prising when the work of Herschkowitsch ( Zts . physikal. Chem. y 1908-09, 
66: 93) is considered. 

Since it is a well-established fact that ammonia forms complex com- 
pounds with some manganese salts the next step was to test this sup- 
position, and it was found that amounts of ammonia up to 14 per cent of 
the total content of nitrogen were retained by the residue. The method 
of obtaining the results, which are given, is as follows: The soluble part 
of the residue remaining after the distillation of the fertilizer with the 
alkaline permanganate solution (25 grams of potassium permanganate 
plus 150 grams of sodium hydroxid per liter) was taken up with 100 cc. 
of distilled water, a little cane sugar added to destroy any potassium 
permanganate remaining in the solution, potassium sulphid added to 
precipitate any soluble manganese compounds and the resulting mixture 
distilled, the ammonia being collected in standard acid. The results 
were checked by the neutral permanganate method and by reversing 
the alkaline permanganate method, that is, by digesting the material 
with the alkaline permanganate solution on a water bath for one hour, 
filtering through an asbestos mat in a Gooch crucible, washing the residue 
with distilled water and analyzing the residue for nitrogen by the Gunning 
modification of the Kjeldahl method for total nitrogen. The results 
are shown in the following table . 

These analyses were made in duplicate, no duplicates being accepted 
that did not agree within 0.2 per cent. All reagents were checked for 
nitrogen and the results corrected accordingly. Nos. 1 to 3 inclusive 



398 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. I, No. S 


FERTILISER 

TOTAL 

NITROGEN 

p! 

Pit 

sssga 

H 

TOTAL 

NITROGEN 

IN 

RESIDUE 

TOTAL 

AVAILABLE 

NITROGEN 

No. 1 

per cent 

10.21 

per cent 

48.51 

per cent 

14.59 

per cent 

63.10 

Same checked by neutral potassium per- 
manganate method 

63.17 

Same checked by reverse alkaline potassium 
permanganate method 




63.21 

No. 2 

9.87 

89.05 

9.03 

98.08 

Same checked by neutral potassium per- 
manganate method 

98.13 

Same checked by reverse alkaline potassium 
permanganate method 




98.17 

No. 3 

9.53 

81.47 

4.51 

85.98 

Same checked by neutral potassium per- 
manganate method 

86.18 

Same checked by reverse alkaline potassium 
permanganate method 




86.23 

No. 4....: 

5.34 

76.53 

6.87 

83.40 

Same checked by neutral potassium per- 
manganate method 

83.27 

Same checked by reverse alkaline potassium 
permanganate method 




83.43 






were samples of treated leather, while No. 4 was a sample of packing- 
house tankage. 

This work is being continued as rapidly as possible and will be published 
when completed. On account of the conclusiveness of all results (of which 
these are only selections made at random) I thought it advisable to make 
this report to you in order that it be brought before the committee on 
nitrogen of the association. 


REPORT ON AVAILABILITY OF POTASH. 

By E. E. Vanatta (Agricultural Experiment Station, Columbia, Mo.), 

Referee . 1 

At the beginning of this year the referee, in cooperation with M. F. 
Miller of the Soils Department and P. F. Trowbridge of the Agricultural 
Chemistry Department of the University of Missouri, planned a series 
of pot cultures to study the effect of different soil treatments on the availa- 
bility of potash, using quartz sand and finely-ground feldspathic rock as 
a carrier of insoluble potash, said availability to be measured by plant 
growth supplemented by chemical determinations. 

A copy of the plan was mailed to each of the chemists who had con- 
sented to cooperate in this work. R. Harcourt of Guelph, Canada, who 

1 Read by P. F. Trowbridge. 
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offered some valuable suggestions, was the only collaborator who was in 
position to take up this work. No report on the results of his work has 
been received as yet. 

The Soils Department of the Missouri Agricultural Experiment Station 
took charge of the pot experiment. Seven series, three each, using three- 
gallon pots, were prepared. Two pots of each series were planted with 
corn, the other being left as a check. Sterile quartz sand was used at 
the base. To all of the pots optimum amounts of nitrogen, phosphorus, 
magnesium, and chlorin were added, sufficient for the growth of the com 
plants. Series 1 was used as the check. Series 2 received in addition 
calcium oxid at the rate of 3,000 pounds per acre, and sufficient finely- 
ground feldspar to make a soil of 2 per cent potash. Series 3 received 
limestone at the rate of 4,500 pounds per acre with the same amount of 
feldspar as in Series 2. Series 4 received the feldspar as in Series 2 and 
finely-cut blue grass at the rate of 15 tons of fresh grass per acre. Series 5 
received the feldspar and starch at the rate of 5 tons per acre. Series 6 
received the feldspar which had been heated at 100°C. for 5 hours. Series 
7 received the finely-ground feldspar. 

The feldspar used in this experiment contained 13.40 per cent potash. 
Later experiments showed that this rock contained 0.044 per cent potash 
soluble in distilled water. 

All of the pots were given the same treatment for moisture, optimum 
condition being attempted. The finely-ground feldspar with the sand 
showed a strong tendency to bake and the corn plants failed to thrive. 
The only plants which appeared to be normal were those in the check 
pots which contained no feldspar. The cultures were all discarded and a 
second series prepared duplicating the first, except that only one-third 
as much feldspar was used. These cultures have not been growing long 
enough to complete the test, but the present condition indicates a probable 
beneficial use of the feldspar in connection with the green blue grass. The 
pots containing the feldspar which had been heated appear next favorable 
in condition. The pots treated with limestone and the pots containing 
the untreated feldspar appear to be no better than the pots to which no 
feldspar had been added. The pots containing starch and those to which 
lime had been added have less growth than the check pots. This experi- 
ment will be continued for another year. 
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REPORT ON DETERMINATION OP POTASH. 

By T. D. Jarrell (Agricultural Experiment Station, College Park, Md.), 

Associate Referee . 

The work on the determination of potash for this year has included 
cooperative tests of (1) the use of denatured alcohol for washing potas- 
sium chloroplatinate, with special reference to the denaturing agents, 
(2) the necessity for the use of hydrochloric acid in the water extract, 
and (3) the perchlorate method. Sixteen chemists expressed a desire 
to cooperate in this work, and reports were received from ten, including 
the report of the associate referee. Three samples were sent out to each 
chemist requesting them: Sample 1: commercial muriate of potash; 
Sample 2: kainit; and Sample 3: a mixture of kainit and acid phosphate. 

INSTRUCTIONS TO COLLABORATORS. 

SAMPLES 1 AND 2. 

Determine potash by (a) official method, and (b) perchlorate method. For 
Sample 1, use 1.25 grams for a 250 cc. flask or 2.50 grams for a 500 cc. flask and use 
50 cc. aliquot for each determination corresponding to 0.25 gram charge. For Sam- 
ple 2, use 2.50 grams for a 250 cc. flask or 5 grams for a 500 cc. flask and take 50 cc. 
aliquot for each determination corresponding to 0.50 gram charge. 

Perchlorate method . — Dissolve the potash as in the official method, using the quan- 
tity as directed in the preceding paragraph. While hot, add barium chlorid solu- 
tion, drop by drop, in slight excess with constant shaking (12 grams of barium chlorid 
dissolved in 95 cc. of water and 5 cc. of concentrated hydrochloric acid) . Cool, make 
to mark and shake. Filter, and transfer 50 cc. of the solution to an evaporating 
dish, preferably of platinum, add 5 cc. of perchloric acid, evaporate on steam bath 
with occasional stirring until it becomes thick. Take up with hot water, add 5 
cc. more of perchloric acid and evaporate to dryness with occasional stirring (the 
stirring may be carried on by rotating the dish with fingers). Then heat the resi- 
due carefully on a hot plate until all free hydrochloric acid is driven off and dense, 
white fumes of perchloric acid appear. Cool, add 20 cc. of strong alcohol saturated 
at working temperature with potassium perchlorate. Stir well and filter through a 
prepared Gooch crucible, wash with about 20 cc. of the alcohol wash and finally with 
20 cc. of a mixture of equal parts of strong alcohol and ether; dry to constant weight 
at not over 120°C. and weigh. 

Factor for converting potassium perchlorate to potash, 0.34. 

(Modification of German Kali Syndicate method. See /. Amer . Chem . Soc. t 
1899, 21: 33, Mining and Engineering World , 1912, 36: 605-606.) 

SAMPLE 3. 

Determine potash by (a) official method, using the method of making up solu- 
tions as adopted by the association in 1912 (Bur. Chem. Bui. 152, p. 41), (b) 
modified official method, and (c) perchlorate method. 

Modified official method . — This is the official method omitting the addition of 2 
cc. of concentrated hydrochloric acid and boiling. After washing 2.50 grams on a 
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12J cm. filter paper into a 250 cc. graduated flask with 200 cc. of boiling water, add 
directly ammonium hydroxid and ammonium oxalate and proceed as in the official 
method. 

Perchlorate method . — Proceed as in the official method until after the addition 
of 1 cc. of 1 to 1 sulphuric acid and ignition. Dissolve residue in about 25 cc. of 
hot water, add barium chlorid solution in slight excess, made up as already de- 
scribed; filter into evaporating dish, wash the precipitate and filter paper with hot 
water. Add 5 cc. of perchloric acid to filtrate, evaporate on steam bath with occa- 
sional stirring by rotating the dish with fingers, until thick. Take up with hot 
water, add 5 cc. more perchloric acid, evaporate to dryness with occasional stirring. 
Heat the residue carefully on hot plate until free hydrochloric acid is driven off and 
dense white fumes of perchloric acid appear. Cool, add the alcohol wash ; stir, filter, 
and wash, dry and weigh as described for Samples 1 and 2. 

Test also the use of denatured alcohol for washing potassium chloroplatinate. 
Wash a precipitate of potassium chloroplatinate alternately with 80 per cent ethyl 
alcohol and denatured alcohol using 50 cc. for each wash. Please report the de- 
naturing agents in the denatured alcohol. 

It is requested also that you test thoroughly the modified official method, that is, 
the necessity for the addition of hydrochloric acid, on some of your own samples. 
There seems to be some doubt as to the necessity of adding hydrochloric acid to the 
potash solution; therefore, I desire to have as full a report on this phase as possible. 

Notes on perchlorate method. — Potash, etc., must be in the form of chlorids. The 
stirring and redissolving the solution after addition of perchloric acid greatly assist 
the removal of other salts later. Surr 1 stated that the excess of barium chlorid does 
no harm, as the barium perchlorate which is afterward formed is readily soluble in 
alcohol. Hence, the necessity for the addition of an excess of perchloric acid. 
Should high results be secured, test your potassium perchlorate precipitate for the 
presence of barium. The trouble may be caused by not adding enough perchloric 
acid to change the excess of barium chlorid originally added to barium perchlorate. 
If that should be the case, barium chlorid would be weighed with the potassium 
perchlorate. Barium chlorid is but slightly soluble in alcohol. A large excess of 
barium chlorid should be avoided; 10 cc. of perchloric acid seems to be sufficent 
for these samples. The perchloric acid available is generally of specific gravity, 
1.12, and contains about 20 per cent acid. 

RESULTS OF COLLABORATION. 

A comparison of results by the official, the modified official (hydro- 
chloric acid omitted from potash solution), the official using denatured 
alcohol, and the perchlorate methods, is given in the following table. 

COMMENTS OF ANALYSTS. 

O. B . Winter: The results on Samples 2 and 3 are fairly satisfactory, but those on 
1 are not. On Sample 1, 1 could not get good results by any method ; the fou r results 
reported by the official method are those nearest one another and somewhere near 
the average. I do not believe this was a good sample for comparative work as it 
was very wet. 

R. C. Wiley: The denatured alcohol which was obtained by us for the potash 
work left a weighable residue upon evaporation and was therefore unsuitable for 


1 Mining and Engineering World, 1912, 36 : 605-606. 
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Cooperative results on potash . 

(Percentage.) 




































Codperative results on potash. — Concluded 
(Percentage.) 


ANALYST 

SAMPLE 1 : COM- 
MERCIAL MURI- 
ATE OF POTASH 

SAMPLE 2: 
KAIN1T 

SAMPLE 3: MIXTURE OF KAINIT 
AND ACID PHOSPHATE 

Y 

A 

a> 

a 

3 

u 

tfi 

O 

Perchlorate method 

Official method 

Perchlorate method 

Official method 

ill 

'§ 

ICO g 

flit 

53 

Official method, us- 
ing denatured al- 
cohol 

Perchlorate method 

J. J. Taylor, Atlanta, Ga. 

52.30 

52.08 

12.50 

12.10 

6.17 

6.29 


6.19 


52.15 

52 22 

12.61 

12.17 

6.22 

6.27 




52.30 




6.26 

6.17 



Average* 

52.25 

52.15 

12.55 

12.14 

6.22 

6.24 


6.19 

O. B. Winter, East Lansing, 

51.00 

52.32 

12.30 

12.40 

6.26 

6.34 

*6.14 

6.16 

Mich. 

51.24 

52.36 

12.30 

12.35 

6.22 

6.20 

*6.16 

6.12 


51.28 

53.08 

12.32 


6.34 





51.28 

















Average 

51.20 

52.59 

12.31 

12.38 

6.27 

6.27 

6.15 

6.14 

R. C. Wiley, Manhattan, 

51.76 

51.68 

11.86 

11.50 

6.50 

6.32 


6.28 

Kans. 

52.20 

51.35 

12.22 

11.76 

6.24 

6.28 


6.48 


52.28 

50.78 

12.24 

11.56 

6.36 

6.38 




51.44 

50.92 

12.56 

12 65 

6.32 





51.24 

50 94 

*11.54 

12.48 






51.16 

50.72 

12.40 








52.02 

12.02 








52.64 

12.22 









12.52 
















Average 

51.68 

51.38 

12.26 

11.99 

6.34 

6.33 


6.38 

R. E. Ingham, Virginia-Caro- 

51 92 

51.51 

12.52 

12.29 

6.06 

6.04 



lina Chemical Co., Rich- 

52.00 

51.89 

12.56 

12.36 





mond, Va. 









Average 

51.96 

51.70 

12.54 

12.33 

6.06 

6.04 



A. L. Gibson, Guelph, Can- 

50.41 

48.04 

11.89 

10.03 

5.26 



4.9* 

ada. 

50.31 

47.86 

11.94 

10.08 

5.26 



4.94 

Average 

4 50.36 

<47.95 

11.92 

<10.06 

<5.26 



<4.95 

W. A. Davis, Rothamsted 

52.80 

53.06 

12.39 

12.64 




6.30 

Experiment Station, Eng** 


52.92 


12.70 




6.40 

land. 








Average 

52.80 

52.99 

12.39 

12.67 




6.35 

General Average 

51.85 

52.33 

12.33 

12.50 

6.11 

6.10 

6.09 

6.26 


1 500 cc. of 95 per cent ethyl alcohol, 50 cc. of methyl alcohol, 2.50 cc.of benzene, 
95 cc. of water. 

2 400 cc. of 80 per cent ethyl alcohol, 100 cc. of methyl alcohol. 

8 90 cc. of 80 per cent ethyl alcohol, 10 cc. of methyl alcohol, 1.50 cc. of gasoline, 
gas machine, 85° Baum6. 

4 Omitted from general average. 

5 Received too late to be included in general average. 

• Omitted from average. 
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potash work. It is said to have been denatured with bensene. A weight of 2.0244 
grams of potassium chloroplatinate was placed in four Gooch crucibles and washed 
with 80 per cent ethyl alcohol. The amount dissolved by 200 cc. of the alcohol was 
1.40 mg. A second trial gave the same result. In my opinion, the perchlorate 
method is a little cheaper and a little quicker than the official method but I do not 
consider the difference as very great. It has been my experience that the results 
obtained by the perchlorate method are apt to be somewhat lower until one has had 
some experience in its manipulation. I found that with a little experience the re- 
sults obtained by the perchlorate method were as accurate aB those obtained by the 
official method. 

R. N. Brackett : From a recent article published in the Journal of the American 
Chemical Society on the determination of potash in soils by the perchlorate method, 
it appears that perchloric acid is now, or was before the present European war, an 
article of commerce. This fact seems to remove the chief difficulties in the use of 
this method. It appears to me that the work done, both in this country and in 
Europe has shown that the perchlorate method is practical and accurate and, of 
course, cheaper than the platinum chlorid method. With regard to the use of 
hydrochloric acid in the present official method of determing the potash in fertilizer, 
I may say that we have found that the addition of hydrochloric acid makes practi- 
cally no difference in the final results, except in the case of acid phosphates with 
potash, with which the addition of the hydrochloric acid gives, I think, consistently 
higher results than without the addition of hydrochloric acid. I have thought that 
possibly it would be better if we continue to use hydrochloric acid that after the 
addition of the acid and boiling, ammonium oxalate be added to the acid solution 
and finally that ammonia be added sufficiently to make the solution slightly alkaline. 
This procedure ought, it seems to me, to prevent almost entirely, if not entirely, 
the precipitation of any phosphate of lime or of iron which is believed to retain 
potash. 

F. B. Carpenter : We did not work the mixed fertilizer by the perchlorate method 
because we do not think it practical as compared with the platinum method. 

A. L. Gibson: The weight of precipitate obtained from 0.25 gram of muriate of 
potash is very heavy. When it is known that a pure highly-concentrated potash 
salt, such as this, is being analyzed, it would seem better to reduce the quantity for 
analysis to 0.125 gram. The difficulties of thorough washing and careful manip- 
ulation of such a heavy precipitate would seem to increase the possibilities of 
error. The denatured alcohol used contained 95 per cent alcohol, of which about 
10 per cent was methyl alcohol and 85 per cent ethyl alcohol. For washing potash 
precipitates, it was diluted with water so as to contain 80 per cent alcohol. For this 
experiment, a sample of complete commercial fertilizer sent to this laboratory for 
analysis was used. By washing the precipitate with denatured alcohol, made up 
as above, 12.33 per cent of potash was found, while with 80 per cent ethyl alcohol 
12.28 per cent of potash was found. These experiments were made in duplicate, 
the results being practically the same showing very little difference between the 
use of 80 per cent denatured and 80 per cent ethyl alcohol. 

W. A. Davie: The instructions given for the perchlorate method are likely to lead 
to some diversity of results and to some error, for the following reasons: 

(1) When alcohol is first added to the sirup obtained alter the evaporation with 
perchloric acid, the alcohol should not be alcohol already saturated with potassium 
perchlorate but 95 per cent to 96 per cent of alcohol alone. If alcohol saturated with 
the perchlorate is used at this stage, the perchloric acid present precipitates a trace 
of potassium perchlorate (due to the latter being less soluble in presence of perchlorie 
acid) and the results are made slightly high in consequence. 
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(2) Instead of using 20 cc. of a mixture of alcohol and ether for the final washing, 
it is far more accurate to use for this washing only 95 per cent alcohol which has 
been previously saturated with potassium perchlorate at the temperature of working. 
The use of saturated alcohol for the whole washing does not add more than 0.0001 
gram to the weight due to the presence of a trace of potassium perchlorate in the 
alcohol finally remaining in the asbestos, whereas the use of 20 cc. of a mixture ot 
alcohol and ether causes the results to be too low by 3 or 4 mg., because of the rela- 
tively high solubility of potassium perchlorate in alcohol in the absence of perchloric 
acid (0.0070 to 0.0085 gram in 50 cc. of 95 per cent alcohol; see Davis, J. Agric. Sci., 
1912, 5: 65). 

(3) The method of washing proposed in the instructions is unsatisfactory, the 
precipitate being always insufficiently washed when these instructions are followed 
precisely. This is shown by the f act that when the precipitate of potassium perchlo- 
rate obtained under the association instructions is again washed (after weighing) 
with alcohol saturated with potassium perchlorate, until the weight is constant, 
(using successive quantities of 50 cc. at a time for this purpose) a loss of weight of 
several milligrams is observed. This is particularly marked in the case of Sample 
2 when the additional washing to constant weight lowered the result from 12.64 to 
12.20 per cent of potash in one instance and from 32.70 to 12.42 per cent of potash 
in another. 

I found 52.77 and 52.75 per cent of potash tor Sample 1 and 12.39 and 12.43 per 
cent of potash for Sample 2 by my own method of washing. They are probably the 
correct results for the samples submitted. The method adopted was as follows: 

After evaporating to a sirup (until heavy fumes of perchloric acid are evolved), 
cool and add 10 to 15 cc. of 95 to 96 per cent alcohol not previously saturated with 
perchlorate; break up the precipitate with a glass rod and stir well with the alcohol. 
Allow to stand for at least one-half hour before filtering and then decant the alco- 
hol through the Gooch, thoroughly draining before adding the rest of the quantity 
of washing alcohol. For this second washing and all subsequent washings, 95 per 
cent alcohol saturated with potassium perchlorate at the temperature of working 
should be employed (see Davis, J. Agric. Sci., 1912, 6 : 65 ); at least 100 cc. of such 
alcohol should be used to insure that the washing is complete. I find it best in prac- 
tice to wash one of the duplicate experiments with 100 cc. of this alcohol and the 
other with 150 cc. If there is any difference (more than 1 mg.) in the result, wash 
both duplicates with an extra 50 cc. of the alcohol saturated with potassium per- 
chlorate. If the additional washing causes a loss of more than 0.0005 gram, the 
washing should again be repeated with another 50 cc. This, however, is seldom 
necessary, but only in this way is it possible to insure that the precipitate is thor- 
oughly crashed. In nearly all cases, the first 100 cc. of washing is sufficient and dupli- 
cates generally agree to 0.0005 gram, but in some cases especially when barium is 
present in large excess, the additional washing is necessary. The use of alcohol 
saturated with potassium perchlorate enables the washing to be carried out until 
the weight is quite constant, even when large volumes of the washing liquid (200 
to 300 cc.) are necessary. 

In showing the degree of accuracy of this method, I give a few results obtained 
by different operators in the ordinary routine work in this laboratory : 

Worker A . Worker B. 


Soil 1 0.1210 per cent of potash 0.1190 per cent of potash 

Soil 2 0.0326 per cent of potash 0.0321 per cent of potash 

Soil 3 0.3400 per cent of potash 0.3360 per cent of potash 


Mixed fertilizer 7.4700 per cent of potash 7.4300 per cent of potash 
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Simplified process for estimating potash in mixed fertilizers. — Instead of adopting 
the successive treatment with sulphuric acid and barium chlorid as outlined in the 
instructions for Sample 3, it is far simpler and more rapid to use the following proc- 
ess: To a 50 cc. aliquot taken from flask after treatment with ammonium hydroxid 
and ammonium oxalate, add a slight excess of baryta (20 cc. of a 3 per cent solution 
of crystallized barium hydroxid) and without filtering evaporate to dryness in a 
porcelain dish, ignite for 15 minutes and extract thoroughly with boiling water, 
breaking up the precipitate with A glass rod in so doing. Filter and repeat the 
extraction with hot water until 100 to 150 cc. of the solution are obtained. Then 
add 5 cc. of perchloric acid and evaporate to a sirup in a glass dish, add another 5 
cc. of perchloric acid and again evaporate until heavy fumes are evolved. Cool, 
add 10 to 15 cc. of 95 per cent alcohol and collect the potassium perchlorate as 
described. 

This simple process eliminates sulphates, magnesium salts, ammonia, and organ- 
ic matter in one operation. I received 6.30 per cent of potash for Sample 3 by the 
process outlined which shows that results are obtained that are identical with those 
given by the more troublesome process outlined in the instructions. This method 
is directly applicable to plant ashes and materials of this sort. 

Use of glass dishes . — I always use glass dishes for evaporating the solutions con- 
taining perchloric acid and not a platinum dish. By using the glass dish it is pos- 
sible to make sure that every trace of the crystalline potassium perchlorate is washed 
out of the dish into the Gooch crucible; this is not the case with platinum dishes. 
The crystalline precipitate often sdheres firmly to the dish and when this happens 
it can easily be seen in a glass diBh but is not visible in a platinum dish. Many 
special experiments have shown that not the least trace of potash is dissolved from 
the glass dish by the perchloric acid during the evaporation. 

Use of denatured alcohol. —Experiments carried out some years back of which 
I have no longer the record, convinced me that the alcohol denatured with methyl 
alcohol or wood spirit can be safely used in all analyses by the perchlorate process, 
provided the alcohol does not contain much more than 5 per cent of water. We 
always use 95 per cent (duty free) grain spirit, which has not been denatured. With 
the platinum chlorid method, the use of denatured alcohol may give considerable 
error owing to the reduction of the platinic chlorid to metallic platinum by the 
impurities present in such alcohol. In such cases, when the potassium platinichlorid 
is dissolved in water after the analysis, a black film of metallic platinum is left 
in the asbestos of the Gooch. In carrying out the platinum process, I always wash 
with 80 per cent alcohol saturated with potassium platinichlorid. In this way, it 
is possible to wash to constant weight with large volumes of alcohol if necessary, 
without losing any of the potassium platinichlorid by dissolution. 

Comparison of results by different methods . — Continued experience during the past 
three years has convinced me that the perchlorate method with the process of wash- 
ing I have suggested is the most accurate method of estimating potash that yet exists. 
It is extremely simple especially in the case of soils and in the hands of different 
workers, the results agree in a surprisingly-close manner. On comparing the re- 
sults for Samples 1 and 2, it is seen that the process outlined in the instructions 
give results 0.2 unit high, owing to insufficient washing; when washed to constant 
weight, the same material gives results 0.1 unit low owing to the dissolution of potas- 
sium perchlorate by the 20 cc. of alcohol ether more than outbalancing the extra 
weight caused by the use of alcohol saturated with potassium perchlorate at the 
first stage of the washing. 



JARRELL: DETERMINATION OF POTASH 


407 


1915 ] 


J. J. Taylor: My observations have led me to believe that the presence of hydro* 
chloric acid is beneficial when complete fertilizers are boiled for any considerable time 
with water, giving almost without exception slightly higher results, but the difference 
is much less in the case of salts, such as muriates and kainits. For example, a sam- 
ple was prepared of c. p. potassium chlorid and ground phosphate rock; only 90.08 
per cent of the theoretical potash was obtained by the official method, while 98.73 
per cent was obtained by the modified official. The perchlorate method proved 
very satisfactory with the salts (muriate and kainit) but difficult to duplicate closely 
with the sample of complete fertilizer. This may be due to unfamiliarity with the 
method as well as not having time to devote exclusively to the work. The result 
given on Sample 3 is the lowest one obtained, the other results (not tabulated) 
ranging from 0.4 to 1 .6 per cent higher. In some cases these higher results were found 
to contain barium, but others did not. In the hands of a careful analyst, I believe 
this to be a good check on the Lindo-Gladding method. 

‘ E . E. Vanatta : A supply of denatured alcohol was made up according to Formula 
1, Regulations No. 30, Revised: U. S. Internal Revenue. The results agree closely 
with those secured by using 80 per cent ethyl alcohol. We also purchased denatured 
alcohol from our local druggist. Results from the use of this alcohol were a little 
high, but were reduced to compare with other work after washing with 25 cc. more 
of same alcohol. Denatured alcohol, Formula 2, Regulations No. 30, Revised: 
U. S. Internal Revenue, gave very high results. The pyridin used precipitates the 
platinic chlorid and it becomes a measure ot amount of platinic chlorid addded rather 
than the amount of potash in the sample. Suspected denatured alcohol can be tested 
for the presence of pyridin by the addition of a small amount of platinic chlorid. 
Formation of precipitate shows alcohol unsuited for use in determination of potash. 
Contrary to expectations, results were low when the addition of 2 cc. of hydrochloric 
acid was omitted from potash solution. 

Additional results on the loss in weight by washing a precipitate of potassium 
chloroplatinate with successive portions of 50 cc. of 80 per cent ethyl alcohol are given 
in the following table: 

Loss by washing precipitate of potassium chloroplatinate with ethyl alcohol. 


WEIGHT OF" POTASSIUM 
CHLOROPLATINATE 

LOBB, FIRST WASHING 

LOBS, SECOND WASHING 

LOSS, THIRD WASHING 

gram 

gram 

gram 

gram 


0.0015 

0.0017 

0.0019 

1.1794 

0.0025 

0.0022 

0.0015 

0.5915 

0.0018 

0.0013 

0.0013 


0.0017 

0.0012 

0.0012 

0.3018 

0.0015 

0.0005 

0.0007 


0.0010 

0.0006 

0.0002 


0.0010 

0.0010 

0.0004 

0.2901 

0.0015 

0.0010 

0.0005 

Average loss 

0.0016 

0.0012 

0.0010 


Average loss three washings, heavy precipitate, 0.0019 gram. 
Average loss three washings, medium precipitate, 0.0015 gram. 
Average loss three washings, light precipitate, 0.0009 gram. 
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A comparison of analysis of a solution containing known amount of potash using 
80 per cent ethyl alcohol, denatured alcohol, and wood alcohol is shown in the 
following table: 

One liter solution contained 2 prams of potassium sulphate, 2 grams of sodium 
sulphate, and 2 grams of magnesium sulphate, 25 cc. of solution drawn for each 
determination in triplicate; weight of potash m 25 cc. * 0.02703 gram (theory). 

QBAUft OF POTASH WHEN WASHED WITH 


80 per cent ethyl 
alcohol 

Denatured 

alcohol 1 

Denatured 

alcohol 2 

Denatured 
alcohol, bought 
on market 

Denatured 

alcohol* 

Wood alcohol 

0.02700 

0.02673 

0.02708 

0.02674 

0.02719 

0.02706 

0.02708 

0.02684 

0.02688 

0.02715 

0.02729 

0.02731 

0.04037 

0.04154 

0.03676 

0.03676 

0.02677 






Average 0.02694 

0.02700 

0.02693 

0.02725 

0.03932 

0.02677 


1 500 cc. of 95 per cent ethyl alcohol, 50 cc. of wood alcohol, 2.50 cc. of benzene, 
47.50 cc. of water. 

8 500 cc. of 95 per cent ethyl alcohol, 50 cc. of wood alcohol, 2.50 cc. of benzene, 
95 cc. of water. 

* 100 parts by volume of 95 per cent ethyl alcohol, 2 parts by volume of wood 
alcohol, i part by volume of pyridin. 

The following additional work was done on the official method and its modifica- 
tion by omitting the addition of hydrochloric acid on twenty-five samples of com- 
mercial fertilizer: 


ANALYST 

SAMPLE 

OFFICIAL METHOD. 
POTASH 

MODIFIED OFFICIAL 
METHOD. (HYDBO- 
CHLOBIC ACID 

omitted;, potash 



3082 

4.83 

4.87 



3086 

3.43 

3.40 



3087 

3.62 

3.68 



3363 

5.11 

4 99 

J. T. Foy, Clemson College, S. C. * 


3365 

5.15 

5.00 



3362 

3.95 

4.04 



2650 

2.82 

2.82 



3559 

3.89 

3.94 



3557 

3.19 

3.28 



30463 

3.59 

3.59 



30465 

3.36 

3.34 



30466 

4.95 

4.79 



30467 

4.74 

4.60 



30468 

1.06 

0.98 



30469 

3.93 

3.86 



30459 

3.77 

3.62 

T. D. Jarrell, College Park, Md. - 


30460 

2.72 

2.71 



30461 

3.25 

3.08 



30473 

3.24 

3.13 



30183 

5.28 

5.24 



30182 

4.95 

5.07 



30215 

3.54 

3.67 



30147 

8.06 

8.01 



30605 

6.82 

6.72 



30625 

10.63 

10.58 

Average 


4.40 

4.36 
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DISCUSSION OF RESULTS. 

PERCHLORATE METHOD. 

The tabulated results by the perchlorate method show quite a variation. 
Some analysts seem to have no difficulty in getting results by this method 
which compare favorably with the official method, while other analysts 
do have trouble, largely due, no doubt, to inexperience with the method. 
There are unquestionably opportunities for errors to occur unless certain 
precautions are well understood and observed. 

If a large excess of barium chlorid is added to the potash solution, it 
is necessary to add enough perchloric acid not only to combine with the 
potassium salt and other salts usually present in fertilizer materials, but 
also to combine with the excess of barium chlorid to change it to barium 
perchlorate. Therefore, there may be a tendency not to add sufficient 
perchloric acid to combine with all bases present. Should that occur, 
high results would be obtained because barium chlorid would be weighed 
with the potassium perchlorate. On the other hand, even if this pre- 
caution is observed, but the analyst washes the precipitate more than 
necessary, low results will be obtained, due to some of the precipitate 
being dissolved by the alcohol wash. A precipitate of potassium per- 
chlorate weighing 0.4610 gram from c. p. potassium chlorid washed with 
successive portions of 50 cc. each of 95 per cent alcohol saturated at work- 
ing temperature with potassium perchlorate and 20 cc. of an equal mixture 
of 95 per cent alcohol and ether gave a loss of about 0.0020 gram for each 
washing. 

The perchlorate method in its present form for determining potash in 
mixed fertilizers is very unsatisfactory. It consumes too much time. 

W. A. Davis of the Rothamsted Experimental Station, England, reports 
a simplified method which is outlined under C omments by Analysts. I 
have tried this method and secured very good results as compared with the 
official method. It has the advantage of being very much shorter. 

It seems to me that with some modification, especially in the method of 
washing the potassium perchlorate, this method, in the hands of analysts 
familiar with its limitations, would give reasonably uniform and depend- 
able results, and, therefore, deserves further study by the association. 

USE OF DENATURED ALCOHOL FOR WASHING POTASSIUM-CHLOROPLATINATE. 

Denatured alcohol used as a wash for potassium chloroplatinate gives 
results which agree favorably with 80 per cent ethyl alcohol in every case 
reported except when pyridin is used as one of the denaturing agents. 

Vanatta reports that denatured alcohol containing pyridin cannot be 
used for potash work for the reason that pyridin precipitates the platinic 
chlorid, causing high results. The experience in our laboratory bears 
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out this statement. Denatured alcohol can be tested for the presence of 
pyridin by adding to it a few drops of platinic chlorid. If a precipitate 
forms, it cannot be used as a wash for potassium chloroplatinate when 
there is an excess of platinic chlorid present in the precipitate. The pre- 
cipitate comes down very slowly. 

I made up a supply of denatured alcohol according to the following 
formulas: 


1 


2 

3 


f 500 cc. of 95 per cent ethyl alcohol, 
J 50 cc. of wood alcohol, 

] 2.5 cc. of benzene, 

(. 95 cc. of water. 

/ 400 cc. of 80 per cent ethyl alcohol, 
\ 100 cc. of methyl alcohol. 


( Formula 1. U. S. Internal 
Revenue Regulations No. 30 
— Revised. (August 22, 1911, 
P. 45). 


360 cc. of 80 per cent ethyl alcohol, 

40 cc. of methyl alcohol, 

6 cc. of gasoline, gas machine, 85° Baum£. 


On Sample 3 by washing the potassium chloroplatinate with denatured 
alcohol, Formula 1, I obtained an average of 6.10 per cent of potash, 
with Formula 2, an average of 6.04 per cent of potash was obtained, with 
Formula 3, the average was 6.07 per cent of potash, and with 80 per cent 
ethyl alcohol, the average was5.99 percentof potash. Theresults by these 
three denatured alcohol formulas agree very closely with one another. 
They also agree very favorably with the 80 per cent ethyl alcohol, the 
denatured alcohol having the advantage of giving slightly higher results. 
The results show that ethyl alcohol denatured with methyl alcohol, ben- 
zene and methyl alcohol or gasoline and methyl alcohol, can be safely 
used for potash determinations. In all cases reported the analyst made 
up his own supply of denatured alcohol by adding known amounts of 
denaturing agents to 80 per cent ethyl alcohol. 


MODIFIED OFFICIAL METHOD. 

By comparing results by the official method with its modification by 
omitting the addition of 2 cc. of hydrochloric acid to the potash extract, 
it is seen that on Sample 3 an average of 6.11 per cent of potash was 
obtained by the official method and an average of 6.10 per cent of potash 
was obtained by the modified method, showing practically no difference 
between the two methods on this sample. On the twenty-five samples 
of commercial fertilizers reported by Mr. Foy of South Carolina and the 
associate referee, an average of 4.40 per cent of potash was obtained by 
the official method and an average of 4.36 per cent of potash was obtained 
by the modified method. Of these twenty-five samples, the official 
method is higher on sixteen samples, and the modified official method is 
higher on seven samples. The results are the same on two samples. 
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My experience with the modified method gives, in most instances, 
slightly lower results than the official method, while in other cases it 
gives practically the same results. In other words, it does not give uni- 
formly lower results. These differences are well within the experimental 
error, and they may be due to accident rather than to the method. I 
believe it is well for the association to study next year the reason why the 
hydrochloric acid is added to the potash extract. 

RECOMMENDATIONS. 

It is recommended — 

(1) That further study of the perchlorate method be made with special 
reference to the method for washing the potassium perchlorate precipitate. 

(2) That cooperation be secured in testing the necessity for the addition 
of hydrochloric acid to the potash extract, with special reference to the 
reason why the hydrochloric acid is added. 

(3) That denatured alcohol made up according to Formula 1 (Regu- 
lations No. 30 — Revised, August 22, 1911, p. 45, U. S. Internal Revenue. 
100 parts by volume of ethyl alcohol, not less than 180° proof, there shall 
be added 10 parts by volume of wood alcohol and one-half of one part by 
volume of benzene) with sufficient water added to make 80 per cent alcohol 
by volume, be made an alternate method for washing potassium chloro- 
platinate. 

REPORT ON SOILS. 

By J. W. Ames (Agricultural Experiment Station, Wooster, Ohio), Referee. 

DETERMINATION OF CARBONATES AND ORGANIC CARBON. 

The recommendations for work on soils to be undertaken during the 
year 1914, included a study of methods for determining organic carbon. 

A correct figure for organic carbon in soils containing carbonates can 
not be obtained without applying the proper correction for carbon from 
inorganic sources. The official method for carbon dioxid in soils is some- 
what indefinite. The method as given in Bulletin 107, Revised, states 
that it is to be determined as under analysis of inorganic plant constitu- 
ents, by liberating carbon dioxid from soils with hydrochloric acid. 

At the 1909 meeting of the association a report on carbonates in soils 
was made by the associate referee for that year. Since that time at- 
tention has been directed to the error introduced by the action of acid on 
soil organic matter with formation of carbon dioxid other than that from 
carbonates. Work by Marr (J. Agr. Sci., 1910, 3: 156-160) shows that 
the action of dilute acid at atmospheric pressure is in some instances con- 
siderable. Results obtained in the laboratory of the referee lead to the 
same conclusion. 
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The importance of the question seemed to warrant further attention 
being given it; therefore, a comparison of two methods for the estimation 
of inorganic carbon dioxid was included in the work for this year. 

Three soil samples were sent out with instructions outlining methods. 

INSTRUCTIONS. 

INORGANIC CARBON DIOXID. 

Method A.~Use phosphoric acid (1 to 15), carbon dioxid free, for liberation of 
carbon dioxid; method proposed by Mclntire and Willis in Tennessee Bulletin 100, 
Technical Series No. 1. (A copy of this bulletin together with photograph of shak- 
ing apparatus, supplied by Mr. Mclntire, was sent out with instructions.) 

Determine the carbon dioxid evolved either volumetrically or gravimetrically. 

Method B.— Liberate carbon dioxid by heating soil with dilute hydrochloric acid 
under reduced pressure. (Procedure described by Marr, J. Agr. Sci., 1910, S: 155 
and by Gaither, J. Ind. Eng. Chem., 1913, 5, 138); lor soils Nob. 1 and 3 use 20 
grams; soil No. 2 use 5 grams. 

Place soil in suitable flask of about 250 cc. capacity which will stand a vacuum of 
70 cm. of mercury. Add 80 cc. of carbon-dioxid-free water, and after mixing thor- 
oughly start suction pump. When air has been removed from apparatus and a 
vacuum of 65 to 75 cm. obtained, run into flask through separatory funnel 20 cc. of 
dilute hydrochloric acid (2 cc. of hydrochloric acid, specific gravity 1.19, to 18 cc. 
of water). Boil for 30 minutes at a temperature of 50°C. The bottom of the flask 
should be about three-quarters of an inch above gauze protecting it from free flame. 
If liquid in flask is drawn up into condenser tube, the flame should be lowered. Car- 
bon dioxid evolved is absorbed in 4 per cent solution of sodium hydroxid made from 
sodium (25 cc. of 4 per cent sodium hydroxid solution and sufficient water to cover 
glass beads in absorbing tower). Relieve vacuum, wash out contents of absorbing 
tower with 150 cc. of carbon-dioxid-free water, using successive 25 cc. portions and 
titrate. 

Titration . — For the assistance of those who have had no experience with the Brown 
and Escombe double titration method, the following details are given: Add 1 co. 
of phenolphthalein to solution and run in normal hydrochloric acid until pink color 
begins to fade, then add twentieth-normal hydrochloric acid to complete disappear- 
ance of color. Take no account of normal or twentieth-normal hydrochloric acid 
used. When end point is reached, add two drops of methyl orange solution (1 gram 
per 1,000 cc.) and titrate with twentieth-normal hydrochloric acid until lemon color 
of alkaline methyl orange just darkens to slight orange color. Take reading of 
twentieth-normal hydrochloric acid and subtract correction obtained from blank 
determination run under same conditions. 1 cc. of twentieth-normal hydrochloric 
acid « 0.0022 gram of carbon dioxid. In this titration it will be necessary for each 
analyst to establish and adhere strictly to a constant end point for both indicators. 
It will be well for those not familiar with the titration to practice on a 4 per cent 
sodium hydroxid solution containing a small amount of sodium carbonate. 


ORGANIC CARBON. 

The instructions for determination of organic carbon requested that the total 
carbon dioxid found less that from carbonates be calculated to carbon and reported 
as organic carbon. 
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The results are reported as total carbon since the wide variation in the results 
by the two methods for inorganic carbon dioxid makes it impossible to obtain a 
correct figure for organic carbon from the determination of total carbon. 

Transfer 3 grams of soil into a short-neck Kjeldahl nitrogen flask, or other suit- 
able flask, and connect to apparatus. Run into flask 10 cc. of chromic acid solu- 
tion containing 3.3 grams, then 50 cc. of concentrated sulphuric acid through sepa- 
ratory funnel. The mixture is boiled for 30 minutes during which time a moderate 
current of carbon-dioxid-free air is drawn through the boiling mixture. Carbon 
dioxid evolved is absorbed and titrated as directed under instructions for inorganic 
carbon dioxid. 

RESULTS. 

COMMENTS OF ANALYST8. 

E . Van Alstine: The results show a considerable amount of variation between 
the two methods suggested, and it is my belief that with many soils either method 
would give results much farther from the true amount of carbonate carbon present 
than would the method of boiling under atmospheric pressure with 1 to 1 hydrochloric 
acid. One variation difficult to explain is the fact that Samples 1 and 3 show a lower 
content of inorganic carbon by the Marr method than by the phosphoric acid method, 
while Sample 2 shows a higher content of inorganic carbon by the Marr method 
than by the phosphoric acid method. The results which we obtained by the Marr 
and Mclntire methods indicate to me again that no analytical method can be relied 
upon, when it makes use of too many arbitrary conditions such as in this case the 
strength of acid and length of time to be boiled or shaken. With the Marr method 
there is the condition of pressure, which affects the boiling point. 


Total carbon. 


METHOD AND ANALYST 

SOIL NO. 1 

SOIL NO. 2 

SOIL NO. 3 

Referee method chromic acid combustion: 

percent 

per cent 

per cent 

C. J. Schollenberger 


2.6200 

IBrfiS* 

H. A. Noyes 


2.6600 


O. F, Jensen 


2.4510 

1.0302 

E. E. Vanatta 


2.6766 

1.2815 

W. H. Sachs 


2.4450 

1 0410 

S. D. Averitt . 


2.3973 


L. G. Willis 1 


2.4573 

1.0664 


: 



Chromic acid combustion, gas passed over heated copper 




oxid: 




C. J. Schollenberger 

0.9180 

2.6341 

1.1040 

Combustion in furnace with copper oxid, carbon dioxid 




weighed 




C. J. Schollenberger 

0.9434 

2.6937 

1.1285 





for carbon dioxid in ash : 




W. H. Mclntire 

1.0340 

MHMMI 

1.2190 

Wet combustion, 1 : 15 orthophosphoric acid, potassium 
dichromate: carbon dioxid weighed: 




W. H. Mclntire 

1.0390 

MMhhII 


Combustion with sodium peroxid; carbon dioxid gas 




measured: 




W. H. Sachs 

0.8335 

2.6577 

1.097 


1 Used 3 grams of soil with 10 cc. of concentrated sulphuric acid containing chro- 
mic acid at rate of 3.3 grams per 50 cc. 
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Inorganic carbon dioxid . 


ANALYST 


C. J. Schollenberger, Ohio 


W. H. Mclntire and L. G. Wil- 
lis, Tennessee. 

H. A. Noyes, Indiana 


O. F. Jensen, Michigan 


E. E. Vanatta, Missouri 
W. H. Sachs, Illinois — 


S. D. Averitt, Kentucky 


SAMPLE 1 

SAMPLE 2 

SAMPLE 3 

jyjgjgj 

BUS 

Method A 

(Mclntire) 



Method B 
(Marr) 

per cent 

0.0110 

0.0120 

per cent 

0.0055 

0.0055 

percent 

1.7380 

1.7380 

per cent 

2.3232 

2.3276 

2.3144 

2.2700 

2.3000 

2.2700 

2.0500 

2.1200 

percent 

0.0286 

0.0253 

percent 

0.0044 

0.0033 

0.0055 

0.0308 

0.0297 

0.0297 

0.0022 

0.0022 

0.0180 

0.0160 

0.0155 

0.0066 

0.0099 

0.0264 

0.0188 

0.0242 

0.0022 

0.0022 

1.2680 

0.3640 

1.2540 

1.9000 

0.8800 

1.8300 

1.8400 

1.9500 

1.5900 

1.6000 

0.0210 

0.0235 

0.0245 

0.0044 

0.0033 











0.012 

0.008 

0.008 

0.004 

0.014 

0.0060 

0.0060 

0.0060 

0.0050 

0.0050 

0.0070 

2.1800 

2.2400 

0.023 

0.018 

0.018 

0.019 

0 0300 
0.0260 
0.0200 






0.0633 

0.0756 

1.408 

1.204 

2.2529 

2.2529 

0.238 

0.087 

0.0558 

0.0570 

0.0674 

0.0072 

0.0066 

0.0098 

0.0054 

0.0066 

0.0039 

0.0033 

0.7278 

0.7872 

0.7960 

0.8004 

0.7960 

2.0810 

2.1120 

2.0460 

2.1600 

2.2260 

2.2570 

2.2480 

2.2572 

2.2310 

0.0176 

0.0149 

















0.0070 

0.0040 

0.0053 

0.0220 

0.0143 

0.9880 

1.0280 

1.0360 

0.0070 

0.0060 

0.0165 

0.0176 






Other results for inorganic carbon dioxid reported by collaborators 


Mclntire-W i 1 1 i s procedure, 
shaking 2J hours. 

C. J. Schollenberger 
1 : 15 hydrochloric acid con- 
stant agitation and 30 min- 
utes aspiration 

C. J. Schollenberger 
Using 1 : 1 hydrochloric and 
boiling at 100° C. 

W. H. Sachs 
Boiling 1 minute with 1 : 15 
phosphoric acid and aspira- 
ting 30 minutes. 

W. H. Mclntire 
Using 1 : 15 hydrochloric acid 
and 4" vacuum at room tem- 
perature for 30 minutes 

W. H. Mclntire 




0.0114 



. 




2.2484 

2.2350 

2.3536 

2.2800 

2.2900 



0.0374 





0.0325 
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I am very much interested in these methods and in any other that may prove 
to get more accurately at the amount of inorganic carbon in all soils, realizing from 
our work here that the method of boiling with hydrochloric acid at 100°C. in com- 
mon use at the present time gives results too high, probably in every case, when or- 
ganic matter is present. 

C. J . Schollenberger : Method A as described by Mclntire and Willis in Tennessee 
Bulletin 100, does not appear to be satisfactory. The principal objections are slow 
evolution of carbon dioxid, and its retention in solution. From experiments made, 
both with soils and natural carbonates, it appears that the error due to slow evolu- 
tion of carbon dioxid is in some cases considerable. As heating is not specified in 
the method, vigorous shaking and greater length of time is required. From results 
obtained with Sample 2, it appears that 2} hours aspiration with continuous shaking 
at rate of 150 oscillations (2*) per minute, are required to extract all the carbon 
dioxid from this sample. This is Bhown by the following results : 


Percentages of carbon dioxid evolved in various lengths of time from soil No. t. 
5 grams of soil; 65 cc. of 1 to 15 phosphoric acid, shaking and 
aspiration uniform. 


EXPERIMENT NO. 

CARBON DIOXID OBTAINED 

In } hour 
(standard) 

At end of 

1 hour 

At end of 
hours 

At end of 

2 hours 

At end of 

2} hours 

At end of 

3 hours 

1 

2 

1.535 

1.549 

l 0.616 





3 

4 

2 095 


*0.013 

2.262 

2.250 

*Q 00 
*0.00 

5 












1 The alkali was withdrawn from the absorption tower at the end of the period 
just preceding, titrated and replaced with fresh alkali, and the percentage given 
is the carbon dioxid found in this last portion of alkali. All precautions and blanks 
applied as usual. 

The apparent action oi orthophosphoric acid, upon soil organic matter is much 
greater than has been stated. Moreover, with some samples it is greater than with 
others, necessitating a separate blank for each. 


Percentages of carbon dioxid liberated by 1 to 15 vhosphoric arid from S samples , pre- 
viously extracted by fifth-normal hydrochloric acid. 


SAMPLE 1 

SAMPLE 2 

SAMPLE 3 

(20 grams) 

(5 grams) 

(20 prams) 

0.0011 

0.0088 

0.0220 


On account of the necessity for continuous shaking of parts of the apparatus, the 
use of long lengths of rubber tubing becomes unavoidable. Rubber is said to absorb 
carbon dioxid selectively, and furthermore, its use increases the likelihood of leaks. 

H. A . Noyes: I am more impressed with the Mclntire than with the Marr method 
for soil carbonates as I believe it will give satisfactory results on all types of soil, 
peats included. Low results obtained in the use of the Mclntire method are due to 
not bubbling air through to complete exhaustion of carbon dioxid. I believe that 
the determination should be run in the apparatus as described in Journal of Indus- 
trial and Engineering Chemistry , 1914, volume 6. Allow air to bubble slowly through 
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flask D throughout the determination. By opening the pump more every few 
minutes, the pressure in apparatus is gradually reduoed, the carbon dioxid being 
expelled by the air, and the contents of the flask agitated throughout the whole 
half-hour of the air current. 

E . E. Vanatta : The chemist doing this work failed to get satisfactory results by 
Method A. This may be due to the fact that the method was new to him. The 
results secured by Method B and for total carbonates were fairly concordant and 
would perhaps give closer agreement after the chemist has had more experience with 
the method. There is no great difference in the time required by the two methods. 

0. F. Jensen: White the double titration method for determining carbon dioxid 
may give good results after some experience is gained in reading the end points 
properly, I believe that a gravimetric method is much more accurate, especially 
where large amounts of carbon dioxid are to be determined. Gomberg potash bulbs 
were used very successfully instead of the soda-lime tubes in the Mclntire method. 

8 . D . Averitt: I am convinced from the present work and from a great deal of pre- 
vious work along this line, that if the solution is heated, organic matter will be 
attacked, and that the resulting figure for inorganic carbon dioxid will be too high. 
Method A is easier of manipulation than method B and I believe will give nearer 
the correct values for inorganic carbon dioxid. 

W. H . Mclntire : We are very much interested in the soil marked No. 2, the or- 
ganic matter content of which does not seem to be affected by boiling with acid, 
and we wonder if it is synthetic. We have been running soil under field treatment 
which contains many times the amount of carbon dioxid contained in soil No. 2, 
as a result of the application of nearly 400,000 pounds of an ordinary grade of lime- 
stone to 2,000,000 pounds of soil, and we have had no difficulty in securing all the 
carbon dioxid therefrom. In soil No. 2, however, there seems to be an extended 
action of phosphoric acid. Our method checks both the Marr and official method 
when using 1 to 15 hydrochloric acid. 

In working up the Mclntire-Willis procedure, it was intended to run the method 
gravimetrically using phosphoric acid and thus simplify the apparatus by the elimina- 
tion of sulphate tubes. We have now adopted a titration procedure and the hydro- 
chloric acid is not objectionable since the action of 1 to 15 hydrochloric acid at room 
temperature is hardly estimable from a 5 gram charge used. I might state, however, 
that we have made a thorough test of the Folin tube and the bead tower apparatus 
and find that the Folin apparatus will absorb carbon dioxid from ordinary soils 
but that it will not fix all carbon dioxid in exceedingly heavy charges unless the as- 
piration is so slow as to make its use unfeasible. 

RECOMMENDATIONS . 

It is recommended — 

(1) That a further test of methods for the determination of soil car- 
bonates be made, comparing the Marr procedure with methods which 
involve the use of dilute hydrochloric acid (1 : 15) and constant aspiration 
of air with and without heating. 

(2) That the wet combustion method with mixture of chromic and 
sulphuric acids for estimation of organic carbon be further compared with 
combustion of soil in furnace. 

(3) That at the suggestion of Mr. Shedd of Kentucky, a study be made 
by the association of a method for lime requirement of soils by H. B. 
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Hutchinson and K. McLennan, published in Chemical News, August 7, 
1914. (This method makes use of a solution of calcium bicarbonate for 
satisfying the lime requirement of soils.) 


A NEW METHOD FOR THE DETERMINATION OF LIME 
REQUIREMENTS IN SOILS. 

By W. H. McIntire (Agricultural Experiment Station, Knoxville, Tenn.). 

The results of recent investigations seem to justify the conclusion that 
fallacies enter into the various methods advanced for the determination of 
lime requirements of soils, where the analytical procedures involve the 
use of substances other than hydrate or carbonate of lime. 

For instance, there is a marked difference between a soirs assimilation 
of magnesium, through decomposition of carbonate with the resultant 
formation of magnesium silicate, and the amount of calcium carbonate 
decomposed by the silicic acid reaction. Yet these two carbonates have 
long been considered as closely parallel in their activities toward acid- 
acting soil components. 

The investigations conducted during the last three years at the Tennes- 
see Agricultural Experiment Station have resulted in the evolution of a 
method which combines both speed and accuracy, if the latter be measured 
by securing a maximum activity and closely-concordant results. 

The studies preliminary to the advancement of the method have led to 
the conclusion that the maximum reaction to be obtained between lime 
and soils, under laboratory conditions involving comparatively brief periods 
of contract, are to be secured by the procedure. The thought prompting 
the work was to effect a dissemination of dissolved carbonate of lime 
throughout the soil mass and to effect precipitation of the carbonate under 
conditions as nearly corresponding to those of the field as possible. 

Only the essentials of the method are given at this time, but the details 
will be published in full later, together with certain of the results secured 
in preliminary study. 

A stock solution of carbonate of lime in solution is obtained by passing 
a current of carbon dioxid through about 10 grams of “ fluffy” precipi- 
tated calcium carbonate suspended in 5 liters of distilled water. The 
purified carbon dioxid gas may pass through the mixture of carbonate 
and distilled water overnight. The excess of carbonate is removed by 
gravity filtration. The clear solution of dissolved calcium carbonate is 
received, in about one-tenth of its volume of carbonated distilled water. 
This filtered and diluted solution is kept cool and under pressure. Pipette 
100 cc. of the carbonate solution into a 150 cc. porcelain evaporating dish 
and add 10 grams of J-mm. or 100-mesh soil. Evaporate to a thin paste, 
the mixture being stirred after the precipitation of the calcium carbonate 
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from solution and again when reaching volumes of about 75 and 50 cc. 
Hie paste is then used to effect scouring of the sides of the evaporating 
dish by means of a rubber tipped glass rod. The soil is then washed into 
a 300 cc. Erlenmeyer flask by means of carbon-dioxid-free distilled water 
to a volume of about 60 cc. A series of flasks are then connected with a 
shaking device (Tenn. Agric. Exper. Sta. Bui. 107), 5 cc. of 85 per cent 
phosphoric acid are added and the liberated residual carbon dioxid de- 
termined by passageof the gas through 25 cc. of 4 percent sodium bydroxid 
in a Camp absorption tower, the air passing into the ^ystenv being of 
course, first purified of carbon dioxid. Carbon-dioxid-free distilled water 
is used to increase the volume of 25 cc. sodium hydroxid to an amount 
sufficient to cover the beads before the passage of carbon dioxid through 
the absorbent solution. A vacuum of 4 inches is maintained in the ap- 
paratus during the 30 minutes agitation and aspiration. 

The amount of calcium carbonate in 100 cc. of the carbonate solution 
is determined by boiling off the excess of dissolved gas and decomposing 
the precipitated carbonate by the above procedure. The difference be- 
tween the added and the residual calcium carbonate in the soil is then 
determined, correction being made for the carbon dioxid in the atmosphere 
of apparatus and the carbonate in the sodium hydroxid solution. 

THE INTERPRETATION OF SOIL ANALYSES. 

By G. S. Fraps (Agricultural Experiment Station, College Station, Tex.). 

The chemical analysis of soils is made by three widely-differing methods. 
The first consists of estimating the total quantity of plant food and other 
constituents of the soil; the second in determining the plant food soluble 
in strong hot hydrochloric acid; the third in determining the phosphoric 
acid, the potash, and the lime soluble in weak solvents. Fifth-normal 
nitric acid is often used for this purpose although other solvents are used. 
The estimation of the total plant food by the first method includes not 
only that which is easily taken up by the plant, but also that contained 
in difficultly-soluble silicates, such as feldspar. The quantity of total 
phosphoric acid is usually very nearly the same as that soluble in strong 
hydrochloric acid. The total potash is very different from that soluble 
in strong hydrochloric acid, and includes the potash in highly-refractory 
silicates. The total nitrogen is estimated in all three methods, as we have 
as yet no method for distinguishing accurately between the different forms 
of nitrogen in the soil. 

The estimation of the total plant food is considered by some chemists 
to be of great advantage, but I have not yet found in chemical literature 
any careful scientific study of the relation between the total plant food 
and soil deficiencies, which brings out clearly the relation of these two. 



1915 ] 


praps: interpretation of soil analyses 


419 


There have been expressions of opinions, but these opinions have not 
been accompanied by a marshalled array of facts, susceptible of verifi- 
cation and study. 

The potash and phosphoric acid soluble in strong hot hydrochloric 
acid have been estimated in a large number of soil analyses. There are 
great differences in the standards used by various chemists in the inter- 
pretation of the results. The interpretation used in this country is usually 
based upon the observations of Hilgard, aided probably by other obser- 
vations of the chemist interpreting the results, which, of course, may be 
different in different localities. Full data upon which these interpretations 
have been made have not been clearly and definitely published so far as I 
can ascertain. It appears to be certain, however, that progress has been 
made in the interpretation of results of such an analysis, and that, though 
the analyses and interpretations show differences of opinion, they give 
fairly good information as to the wearing qualities of the soils. Different 
interpretations may also be necessary under different climatic conditions. 
The standards used by the author, which are subject to change, are pub- 
lished in Bulletin 161 of the Texas Agricultural Experiment Station. 

Work done at the Texas station has brought out the average relation 
between the results of pot experiments, the total nitrogen of the soil, and 
the phosphoric acid and potash soluble in fifth-normal nitric acid. 

In Bulletin 151 of the Texas station is shown that the deficiency of the 
soil in nitrogen in pot experiments is related to the total nitrogen of the 
soil. This is based on 332 experiments. In Bulletin 126 of the same 
station is brought out the fact that the deficiency of the soil as shown in 
pot experiments is related to the active phosphoric acid of the soil; in 
Bulletin 145, that the deficiency in potash in pot experiments is related to 
the active potash of the soil. These results are averages, and bring out 
rather clearly and definitely the fact that there is an average relation be- 
tween the total nitrogen, the active phosphoric acid, the active potash and 
the average deficiencies of the soils for these plant foods in pot experiments. 

It is well known that there are wide deviations from the average in 
individual cases. It is necessary to study these individual cases and as- 
certain the causes of such variation. It is also known very well that 
there are soils which, though well supplied with plant food, do not give 
average crops; that is, the deficiency is due to something else than the 
deficiency of plant food. Experience has also shown, that though the 
pot experiments do not always confirm the chemical analyses, yet the pot 
experiments are themselves open to irregularities, and further experi- 
ments on the same soil reduces the number of discrepancies between the 
analyses and pot tests. 

Beyond a doubt, there are differences in the plant food supplied to 
plants by various types of soils depending on other factors than the active 
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phosphoric acid, the active potash and the total nitrogen. The quantity 
of active phosphoric acid may be greater than the analysis shows, if the 
soil has a high fixing power for phosphoric acid. The total phosphoric 
acid may be more easily taken up by plants from certain soils than from 
others. The total potash may lend more of its potash in some soils than 
others. The active potash of soils, however, is highly available to plants. 
In 'some soils, more than others, a larger percentage of the nitrogen is 
in forms easily acted upon by bacteria and converted into nitrogenous 
compounds that can be taken up by the plant. These differences leave 
us abundant room for further study, but, in the meantime, the method 
of interpretation here described may be considered as a forward step. 

The following table shows the standards of interpretation now used 
by us: 


NITROGEN 

POTASH | 

PHOSPHORIC ACID 

Total nitrogen 

Com 

equivalent 

Active potash 

Com 

equivalent 

Active potash 

Corn 

equivalent 

per cent 

bushels 

parts per million 

bushels 

parts per million 

bushels 

0 . 000 - 0.02 

8 

0 - 50 

29 

0 - 10 

6 

0 . 021 - 0.04 

13 

51-100 

37 

10 . 1 - 20 

12 

0 . 041 - 0.06 

18 

101-150 

51 

20 . 1 - 30 

18 

0 . 061 - 0.08 

23 

151-200 

80 

30 . 1 - 40 

24 

0 . 081 - 0.10 

28 

201-300 

120 

40 . 1 - 60 

30 

0 . 101 - 0.12 

33 

301-400 

157 

60 . 1 - 80 

35 

0 . 121 - 0.14 

38 

401-600 

182 

80 . 1-100 

40 

0 . 141 - 0.16 

43 

601-800 

207 

100 . 1-200 

45 

0 . 161 - 0,18 

48 



200 . 1-400 

50 


The results are interpreted upon the basis of com, as it brings out more 
clearly the relative deficiencies of a soil. Other crops than com might be 
used but most of our pot experiments were conducted with com and 
deficiencies shown with com are usually deficiencies shown with other crops. 
Suppose a soil contains 18 parts per million of active phosphoric acid, 120 
parts per million of active potash, and 0.09 per cent total nitrogen. The 
average relative deficiency for com would then be, 12 bushels for phos- 
phoric acid, 51 for potash, and 28 for nitrogen. The soil is thus clearly 
most deficient in phosphoric acid and least deficient in potash. 

The fact must be emphasized that the interpretation just given is 
relative not absolute. In a series of pot experiments, the soil might produce 
differently under local conditions of temperature, weather, and soil treat- 
ment; run under more favorable conditions, might well give higher figures 
throughout the table. Our own more favorable pot experiments would 
give higher results. Pot experiments with different plants or elsewhere 
would give somewhat different absolute results. The relative results 
would probably agree more closely. The table, then, does not show the 
bushels of com per acre that the soil should produce, but its value lies in 
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showing the relative deficiencies of the soil by means of the chemical 
analysis. These relative deficiencies should, on an average, hold good. 
Undoubtedly, as previously pointed out, there are exceptions. 

The application of the result of the analysis to field conditions, is a 
difficult matter. There must first be considered what the soil actually 
produces, and then what is the possible production under such conditions. 
If we can introduce other improvements to increase production possibili- 
ties, then we may raise our suggestions for plant food. 

The plant food may not be the limiting factor in production; in fact, 
other factors are often of great significance. A soil supplying phosphoric 
acid sufficient for 20 bushels of com, is not necessarily deficient in phos- 
phoric acid; the limiting factors may be something else. It would be 
useless to supply phosphoric acid without improving the limiting condi- 
tions. The chemical analysis would then be said to have been at fault, 
but the fault would lie elsewhere. It would be useless to fertilize a field 
for 50 bushels of com, when other factors limit its production to 30. 

Hence, in applying our chemical analysis to field conditions, we must 
consider the possibility of other limiting conditions, and make our sug- 
gestions upon the basis of soil conditions and soil treatment as they 
exist in the locality in question. 

This point is emphasized because soil analysis has been blamed, when the 
fault was really elsewhere. The method of analysis and interpretation 
given in this paper, has proved of great service in studying Texas soils 
and in making suggestions as to plant food and soil treatment to be used 
on them. By considering the local soil conditions, and the actual produc- 
tion, in connection with the analysis, gratifying results have been secured. 
The method has also proved very useful in selecting soils to be used for 
pot experiments to test the availability of phosphates, potash, or nitrog- 
enous compounds. The possibility of the unfertilized soil to produce 
a crop of corn, can usually be determined by means of the analysis. 

The method has also proved of great service in connection with further 
studies of the plant food of Texas soils. For this purpose, the soils are 
divided into groups according to their content of the plant food under 
investigation, and then these groups, under the same conditions, are 
subjected to further study. For example, a study of the production of 
nitric nitrogen in 322 Texas soils is now in process, and it has been found, 
among other things, that the production of nitrates, on an average, is 
related to the total nitrogen of the soil. 

In conclusion, I will say that the estimation of the total nitrogen, the 
active phosphoric acid, the active potash and the acid consumed of the 
soil at present affords the best measure of the soil fertility and the best 
means of judging of its deficiencies. Considerable study is yet needed in 
order to ascertain the relation of the different types of soil to these analyses, 
and to ascertain the causes of the deviations from the average results. 
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REPORT ON NITROGENOUS COMPOUNDS OF SOILS. 

By C. B. Lipman (Agricultural Experiment Station, Berkeley, Cal.), 

Associate Referee. 

* 

Owing to his late appointment following the resignation of Oswald 
Schreiner, the associate referee on nitrogenous materials in soils has 
been unable to inaugurate studies which could possibly yield results at 
this date. Moreover, it seems that the association has been giving much 
time to the study of methods in soil chemical work which are already well 
established and have been neglecting to study methods now in use which 
need much improvement. I beg, therefore, briefly to call your attention, 
in lieu of the usual report, to the present status of some methods em- 
ployed in soil chemical work so that they may be discussed and steps 
be taken for next year’s work. 

METHODS FOR THE DETERMINATION OF AMMONIA IN SOILS. 

There seems to be no necessity of having soil chemists investigate 
further the methods for ammonia determination in soils. In both ordi- 
nary soil chemical and soil bacteriological work, the present methods of 
distilling ammonia over from the water suspension of the soil with mag- 
nesium oxid added seems to satisfy the purposes very well. Those who 
desire to separate ammonium compounds from the closely-related organic 
compounds in soils may, of course, employ methods of the organic chem- 
ists such as those proposed by Jodidi and others who have worked on the 
organic nitrogenous constituents of soils. 

So far as the Nessler method for determining ammonia is concerned 
the results are very satisfactory when small amounts are to be deter- 
mined, but the method is rarely used in soil work. If it needs improve- 
ment, why should not that improvement be carried out by the water chem- 
ists who have far greater use for the method than the soil chemists? 

METHODS FOR THE DETERMINATION OF NITRITES IN SOILS. 

The present methods for nitrite determination in soils leave much to 
be desired. It is very difficult in using the sulphanilic acid and alpha 
naphthylamin method for the determination of nitrites to maintain 
constant color in the standard solution used for comparison, thus intro- 
ducing, especially when small amounts are sought, a very considerable 
error. Then, too, soil solutions never have the same tint as the standard 
solution and comparison, therefore, is made additionally difficult. 

Here again I would recommend that owing to the relative unimportance 
of the determination of nitrites in soils and the much greater importance 
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thereof in water analysis that methods for nitrite determination or for 
the determination of nitrous acid, be left for perfection to the water 
chemists or others who may be more directly interested. 

METHODS FOR THE DETERMINATION OF NITRATES IN SOILS. 

The phenoldisulphonic acid method or the colorimetric method for the 
determination of nitrates is now, after considerable modification, an 
excellent method for use in soils free from salts. Very careful and ex- 
tensive tests thereof and changes in the manipulation which Professor 
Sharp and the present associate referee carried out some time ago and 
reported on in full, have made it easy to use the method and to obtain 
very good results therewith. It does not seem at the present time that 
very much improvement can be made on this method of determining 
nitrates in the soil solution. I would therefore recommend to you that 
the phenoldisulphonic acid method as thus modified be adopted as the 
official method for the determination of nitrates colorimetrically. 

So far as the nitrate determination is concerned, in a soil extract con- 
taining salts, which have been shown to interfere seriously with the phenol- 
disulphonic acid method, the reduction method is decidedly the one 
which can be relied upon most for accurate results. Reduction with 
either iron or aluminum will give good results as shown by Professor Hill 
of the Virginia experiment station and Professor Burgess of the California 
experiment station respectively. I think that there is no question that 
the manipulation in the aluminum reduction method is very much the 
simpler of the two. The results obtained are as accurate as any that can 
be expected in chemical work or in analytical work, and I would therefore 
recommend that the aluminum reduction method as modified by Professor 
Burgess, be adopted as the official reduction method for nitrates in soils. 

METHODS FOR THE DETERMINATION OF TOTAL NITROGEN. 

It is in these methods more than in any other that it seems that the 
association should be carrying on some investigations. None of the 
methods now in vogu^ and used as official or unofficial, make sure of the 
exclusion of nitrates when all the nitrogen in soils minus the nitrates is 
sought. Likewise the methods for the inclusion of nitrates do not always 
show all the nitrates. 

Thus in the first set of methods is included some of the nitrate nitro- 
gen and in the second set of methods not all the nitrates. This should 
be taken up as a subject of investigation and methods established soon 
which will make possible the determination, readily, of all of the nitro- 
gen in the soil exclusive of the nitrate nitrogen so that one may easily 
separate all other forms from the latter. It becomes very necessary to 
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have this separation very frequently in soil work and in fact it is essential 
to the success of some work. I would therefore recommend that the 
association investigate methods for the determination of the total nitro- 
gen in soils (minus the nitrates) for the purpose of improving them. 

The suggestions made are for the purpose of stimulating discussion 
of the subject and are not given in any spirit of criticism. If they will 
serve to help soil chemists attain more accurate methods for the deter- 
mination of various nitrogenous materials in soils, and if they will do 
so quickly and definitely, I shall feel well repaid. 

REPORT ON ALKALI SOILS. 

By R. F. Hare (Agricultural Experiment Station, State 
College, N. Mex.), Associate Referee } 

Since this is the first year the association has undertaken a study of 
methods for the analysis of alkali soils, it was thought best not to attempt 
cooperative work for this year, but to devote the time at the disposal 
of the associate referee to a comparison of the methods now in common 
use, and to present a review of these to the association, with some criti- 
cisms, and suggestions as to the phases of the work that, in the opinion 
of the associate referee, should be studied for the coming year. 

Before many experiments are undertaken on a comparison of methods 
for the analysis of alkali soils, it would seem ad visable for those interested 
to agree upon the following points: (1) Proper method of sampling; 
(2) substances to be determined; (3) method of reporting results. 

The associate referee would suggest that the association act on these 
points at the November meeting, and recommends that the associate 
referee for the coming year be instructed to ask cooperation in determining 
the following: (1) The best method for obtaining the soil solution; (2) A 
comparison of the common methods at present in use for “black alkali” 
determination. 

In the following paper on some of the methods for the determination of 
alkali in soils the associate referee has attempted to outline briefly some 
of the methods now in use, and to offer some suggestions as to the points 
that in his opinion should be mutually agreed upon before the work on 
methods for obtaining the solution and determining the “black alkali” 
are undertaken. 

The results for the determination of soluble solids, chlorids, and car- 
bonates in three Arizona soils by methods in use in seven different labora- 
tories are given in this paper. These were compiled from analyses made 
by Vinson and Catlin and published in the Arizona Agricultural Experi- 
ment Station Annual Report, Number 24, page 276. These figures are 


1 Read by B. B. Ross. 
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Comparison of results obtained for black alkali by three different methods . 



1 Association method for irrigating waters. 

* By this method the soil filtrate was evaporated gently, ignited, redissolved in 
freshly-boiled water, and titrated for sodium carbonate, sodium acid carbonate and 
potassium acid sulphate. 

* Association method for “black alkali.” 
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in themselves sufficient to convince one of the necessity for uniformity 
in our methods of alkali soil analyses. 

During the year the associate referee has made alkali analyses of a 
number of New Mexico soils from a region in which “black alkali” is the 
dominant type. In these analyses 50 grams of soil were treated over- 
‘night with 500 cc. of water, and total solids, calcium, magnesium, sodium 
(by difference), sulphates, chlorids, carbonates, and bicarbonates were 
determined from the filtrate obtained by passing through a Chamberlain- 
Pasteur filter. These ions were reported as such, and also as salts, cal- 
culated by the methods of this association for irrigating waters, as given 
in Bureau of Chemistry Circular 52. The results for sodium carbonate 
and bicarbonate (black alkali) obtained by this method are given in 
Table 1, together with results obtained on the same soils by modifications 
of methods in use in the Arizona and California laboratories. 

The Arizona method is the one given for alkali waters of this association. 
The only modification of their method was in the preparation of the soil 
solution, which was prepared in a similar manner for all three methods. 
In California the soil filtrate is evaporated to dryness, gently ignited, 
redissolved in freshly-boiled water, and titrated with standard acid. The 
method was modified in these analyses by using a different proportion of 
water to obtain the soil solution, and by titrating with standard potassium 
acid sulphate to distinguish between carbonates and bicarbonates. The 
results do not show a sufficiently close agreement by the three methods. 
As a rule, the California method gives high results. 

The associate referee would recommend that the association method 
for alkali waters be provisionally adopted for alkali soils. By this method 
the carbonates and bicarbonates of sodium calculated from the ions are 
checked by the method for black alkali. 

A REVIEW AND DISCUSSION OF SOME OF THE METHODS 
FOR THE DETERMINATION OF ALKALI IN SOILS. 

Bt R. F. Hare (Agricultural Experiment Station, 

State College, N. Mex.).. 

INTRODUCTORY. 

In those localities where a scant rainfall and insufficient drainage 
result in the accumulation of soluble salts in sufficient quantity to injure 
crops, or entirely prevent their germination and growth, a determination 
of the amount and character of these salts becomes even more essential 
than a study of the plant food content of the soil. 

The Bureau of Soils of the United States Department of Agriculture, 
several of the western experiment stations, and some foreign countries 
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have made numerous analytical investigations on alkali soils; but, as 
Whitney pointed out several years ago, the procedures and methods of 
analysis employed have been almost as numerous. If all the various 
methods of analysis employed gave correct results, the lack of uniformity 
in collecting samples and of reporting results make comparative studies 
of investigation carried on in different localities practically worthless/ 
But Vinson and Oatlin 1 have shown that the methods of analysis used in 
seven different laboratories, when tried by them on three Arizona soils, 
gave far from concordant results. By some of these seven methods black 
alkali is indicated in the soil in excess of the usually accepted toxic limits 
of cultivated plants, while by other methods the same soil shows no black 
alkali at all, but a considerable quantity of gypsum, which is a corrective 
for this alkali. 

The methods for the determination of black alkali (Na 2 C0 3 and NaHCOs) 
are the ones that seem to require the most attention at present. 

COMPOSITION OF ALKALI TYPES. 

All the types of alkali to be found in different localities are principally 
composed of the soluble salts of the four acid radicals, chlorids, sulphates, 
carbonates and bicarbonates, in combination with the three bases, cal- 
cium, magnesium and sodium. The small amounts of other radicals 
that may be found in most alkali soils or waters is perhaps negligible, so 
far as their toxic effect on plants is concerned. The determination of 
those radicals mentioned above is sufficient to enable one to judge of the 
character of the soluble salts that constitute the alkali, except perhaps in 
a few localities where nitrates seem to have accumulated in injurious 
quantities. In some cases where the alkali type is known, only a few of 
these radicals are determined in judging of the fitness of soils for certain 
crops. 

COLLECTION OF SAMPLES. 

The movement of alkali salts with the water in soil makes careful 
sampling necessary, and the results of different investigators can be of 
little value unless the samples are taken with some degree of uniformity. 

Notes on methods of sampling, depth, locality, topography, vegetation, 
texture of soil and subsoil, position of water table, drainage conditions, 
rock formation and date of last irrigation or rain help in an interpretation 
of the analyses. 

Not less than one pound of soil is usually collected from each foot to a 
depth of four to six feet, placed in air tight vessels, and a portion used 
for total moisture determination. In some cases it may be necessary to 


1 Ari*. Agr. Exper. Sta., 24th Ann. Rep. 
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sample deeper than six feet, while under certain circumstances less than 
this depth is sufficient. When the time of the investigator is limited, a 
composite of the different depths is sometimes made. 

The soil should be air dried and passed through a 1 mm. sieve before 
proceeding with the analysis. 

PREPARATION OF THE SOLUTION. 

The alkali determination is made from the water solution of the soil, 
and the proportion of soil to water used by different investigators varies 
greatly. At the California Station 300 cc. of water are added to 150 grams 
of soil; while in Arizona the proportion is 1,000 cc. of water to 50 grams of 
soil. The fact that the different investigators use so many different 
proportions of soil to water makes any comparative study of at least some 
of the determinations of little value. In Table 1 is given a compilation 
of results by Vinson and Catlin on three Arizona soils by the methods in 
use in seven different laboratories. 

TABLE 1. 


Comparison of results obtained by different methods for sodium chlortd, total solids , 
and sodium carbonate in three Arizona soils by Vinson and Catlin . l 
(Calculated to per cent air dry soil.) 


LABORATORY 

PROPOR- 

TION 

OP SOIL TO 
WATER 

SODIUM CHLORID 

TOTAL SOLIDS 

ALKALINITY AS Na*CO| 

Soil 

Soil 

Soil 

1 

2 

3 

i 

1 

2 

3 

| 1 

2 

3 

California 

100 to 200 

0 112 

0.004 


0 531 


3.008 


■JS 1 

BBfWl 

Montana 

100 to 500 

0 109 

0.004 

0.288 

0.551 


3.715 

0.257 

KlZj 

■Ail 

Bureau of Soils. . 

100 to 500 

0.105 

0.004 


0 528 


3 618 

0 221 



Texas 

100 to 500 

0.112 

0 004 


0 555 


3.698 

i 

e 

7 

New Mexico 

100 to 1000 

0.107 

0.004 


0 584 


3 429 

0.283 

• 

1 

Utah 

100 to 1000 

0.114 

0.004 


0 632 

0 116 

4.192 

0.394 

nM| 

0.038 

Arizona 

100 to 2000 

0.124 

0.004 

0 320 

0.816 

0 208 

4 426 





1 From Ariz. Agr. Exper. Sta., 24th Ann. Rep., p. 276. 

* Not including 0.025 per cent NaHCOi. 

* Not including 0.071 per cent NaHCOi. 

4 Not including 0.033 per cent NaHCOi. 

5 249 6 parte CaCOi per 100,000. 

• 44.0 parts CaCOi per 100,000. 

T 15.0 parts CaCOi per 100,000. 

9 Of the methods compared in this table, only those of the Bureau of Soils, and the New Mexico experiment 
station distinguish betwoen carbonates and bicarbonates. In soil No. 2 the Bureau of Soils found no car- 
bonates, but 0.071 bicarbonates. Apparently, neither NaHCOi nor NAaCOi was found by the New Mexico 
method. The alkalinity obtained by the methods of the other laboratories may have been due to the hy- 
drolysis of some MgfHCOih, or the results for lime and magnesia may be a little high, so that all bioarbo- 
nates were used up by these two metals and none left to combine as NaHCOi as determined by the New 
Mexico method. 

• No carbonates or bicarbonates were found by the Arizona or New Mexico methods in soil No. 3. The 
alkalinity reported by the methods of other laboratories was in all probability, due to Ca(HCOi)i or 
Mg(HCOi)2. 

10 0.004 per cent CaSO«. 


It will be seen that the California station uses a proportion of 100 parts 
of soil to 200 of water, while the Arizona station increases the proportion 
to 100 parts of soil to 2,000 of water. From the results reported in the 
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above table, it would seem that increasing the volume of water ten times 
increases the amount of sodium chlorid dissolved very little, if any. The 
amount of total solids dissolved is increased, but this may have been due 
to increased amount of slightly-soluble salts, such as calcium sulphate 
and calcium and magnesium carbonate. Where total sulphates are 
calculated to Na^SO*, as is done at the California station; and total 
carbonates to NajCOs, as at the Utah station, a small proportion of water 
to soil results in the solution of less carbonates of calcium and magnesium 
and of sulphate of calcium. 

The time for treating the soil with water also varies. The Bureau of 
Soils shakes the mixture 3 minutes and allows it to stand 20 minutes, 
while by some methods the solution is allowed to stand 24 hours. 

Most investigators treat the soil with water at ordinary temperature. 
■The Arizona station heats on a water bath for 10 hours. This is probably 
to prevent absorption of carbon dioxid and consequent solution of more 
calcium carbonate and magnesium carbonate. It seems desirable that 
some experiments be conducted to determine the best temperature and 
time of treatment. Experiments at the New Mexico station show that 
the results for carbonates are greater when the solution is filtered through 
paper than when filtered through the Chamberlain-Pasteur filter. This 
is due to the more complete removal of suspended particles of insoluble 
carbonates by the latter method, which should always be used in filtering 
soil solutions. 


TOTAL SOLIDS. 

Most investigators determine total solids by evaporating an aliquot 
of the solution in a platinum dish and drying at 100°C. or more before 
weighing. According to the Bureau of Soils this determination is “ex- 
ceedingly unreliable,” and by their method “quite unnecessary.” They 
prefer to determine the electrical resistance by means of a Wheatstone 
bridge, and from this determine the approximate number of ions in the 
solution. 

Practically all other laboratories determine the total solids, which 
serve as a check on the sum of the total ions determined. In this manner 
all salts are obtained in a crystalline form, which is often convenient in 
helping to judge of their character. 

C1ILORIDS. 

Little work seems to be necessary on the chlorin determination. All 
investigators seem to use standard silver nitrate and the results of different 
workers on the same solution are fairly concordant. 
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SULPHATES. 

The common method for determining sulphates in soils and waters is 
by precipitation with barium chlorid. Occasionally the Jackson turbid- 
imeter is used. At some of the laboratories the difference between the 
total solids and a sum of the chlorids and carbonates is reported as sul- 
phates. The salts of this ion are not always reported. 

CARBONATES AND BICARBONATES. 

The proper determination of these two radicals and a method to dis- 
tinguish between their salts as they exist in the soil is most important, 
since their combination with sodium forms the very injurious black alkali, 
while the combination of these acid radicals with calcium is a harmless salt. 
Of the methods now in use in different laboratories one may show black 
alkali in excess of the toxic limits for crops, while by other methods the 
same soil may not only indicate the absence of black alkali, but the pres- 
ence of gypsum, its chemical antidote. 

Cameron and others have shown black alkali in the form of bicarbonate 
to be less toxic than the carbonates, but most investigators fail to dis- 
tinguish between these two salts on the theory that one form reverts to 
the other under different field conditions. 

At the Utah station 1 the soil solution is titrated directly for carbonates 
with thirtieth-normal sulphuric acid and the results stated as sodium 
carbonate. This method would include any carbonates or bicarbonates 
of lime and magnesia in solution. That the Utah method evidently does 
include those salts is indicated by the work of Vinson and Catlin shown in 
Table 1. 

It will be seen that this method shows 0.038 per cent sodium carbonate 
in soil No. 3, which showed no black alkali at all by the Arizona method. 

At the California station the soil solution is evaporated to dryness, 
gently ignited, dissolved in 40 cc. of water, titrated with standard sul- 
phuric acid using methyl orange as the indicator. The results are stated 
as sodium carbonate. This operation would eliminate some calcium 
and magnesium salts, but the comparison of methods in the table men- 
tioned in previous paragraph shows that this method may also include 
small amounts of carbonates or bicarbonates of calcium and magnesium. 

The Bureau of Soils attempts to distinguish between carbonates and 
bicarbonates. For normal carbonates the soil solution is titrated with 
twentieth-normal potassium acid sulphate until the color from added 
phenolphthalein is destroyed. For bicarbonates, methyl orange is added 
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to the same solution and titration contitfued to change of color. While 
this method has the advantage of distinguishing between carbonates and 
bicarbonates, it seems to be open to the same criticisms just offered to the 
Utah and California methods. , 

At the Arizona station a modification of the Hehner process for per- 
manent hardness is applied to the determination of carbonates. By this 
process the lime and magnesia salts, if present, are all removed by addi- 
tion of sodium carbonate of known strength, and the excess titrated with 
standard acid. This method changes all sodium acid carbonate to sodium 
carbonate, and fails to distinguish between them. By this method the 
carbonates of calcium and magnesium are more completely eliminated 
than by other methods, and the carbonates as determined more nearly 
represent the true black alkali. This is the method recommended by 
the association for black alkali in irrigating waters. 

The New Mexico station uses the method of the Bureau of Soils for 
normal carbonates. Cameron has shown that calcium carbonates and 
magnesium carbonate may hydrolyze and indicate normal carbonates 
with phenolphthalein, especially in the presence of sodium chlorid and 
sodium sulphate. Some residues from soil solutions, after repeated wash- 
ings with hot water, will slowly hydrolyze and react alkaline with phenol- 
phthalein. This has been frequently noted with New Mexico soils. 

On the assumption that soluble calcium and magnesium salts are not 
likely to be found in the presence of black alkali, the New Mexico station 
has attempted to distinguish the bicarbonates of calcium and magnesium 
from the sodium salts of this acid by first combining all calcium and mag- 
nesium in the soil solution as bicarbonates. The remaining uncom- 
bined bicarbonates are calculated to sodium acid carbonate. This necessi- 
tates an accurate determination of calcium and magnesium since in cal- 
culating these ions to bicarbonates any error for calcium is multiplied 
by 4, and for magnesium by 6. This is the association method for com- 
bining carbonates in water determinations. The New Mexico station 
has recently compared this method with the Arizona and California 
methods, somewhat modified, on a number of New Mexico soils. The 
results, as a rule, show a fairly close agreement between the New Mexico 
and Arizona methods, but the California method as modified usually gives 
higher results. The results obtained are reported in Table 2. 

CALCIUM AND MAGNESIUM. 

These elements are not always determined in an alkali analysis of soils; 
perhaps not as often as they should be, but when determined the usual 
well known and reliable methods are used. 
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TABLE 2. 


Comparison of results obtained for black alkali by three different methods . 


BOIL NUMBER 

NEW MEXICO 
METHOD 1 * 3 

CALIFORNIA METHOD 
MODIFIED* 

ARIZONA 

METHOD 

MODIFIED* 

ML 

Uh 

gSog 

| 

hu 

gg§g 

Sodium 

carbonate 

Sodium 

acid 

carbonate 

Sodium 

carbonate 

Sodium 

acid 

oarbonate 

Sodium 

oarbonate 


per cent 

per cent 

percent 

per cent 

per cent 

per cent 

percent 

1 


0.191 

0.158 

0.153 

0.153 

0.143 

0.255 

2 


0.187 

0.171 


0.204 

0.168 

0.285 

3 


0.175 


0.110 

0.178 

0.127 

0.141 

4 


0.000 



0.000 

0.008 

0.014 

5 


0.000 



0.000 

0.011 

0.006 

6 


0.000 



0.000 

0.006 

0.006 

7 


0.211 

0.111 

0.118 

0.170 

0.144 

0.185 

8 


0.048 



0.042 

0.030 

0.037 

9 


0.018 

0.017 


0.017 

0.011 

0.037 

10 

0.113 

0.176 

0,166 

0.167 

0.233 

0.224 

0.271 

11 


0.119 

0 033 


0.098 

0.075 

0.072 

12 


0.077 



0.042 

0.049 

0.035, 

13 

0.446 

0.015 

0.453 



0.382 

0.455 

0.453 

14 


0.050 



0 051 

0.032 

0.067 

15 


0.193 

0.337 

0.289 

0.372 

0.326 

0.519 

16 


0.172 


0.160 

0.203 

0.159 

0.261 

17 


0.026 


0.033 

0.000 

0.016 

0.051 

18 

0.017 

0.151 



0.170 

0.112 

0.140 

19 


0.129 

0.111 


0.140 

0.098 

0.151 

20 


0.116 



0.119 

0 076 

0.135 

21 


0.000 



0.000 

0.000 

0.044 

22 


0.138 


0.101 

0.110 

0.093 

0.174 

23 


0.000 



0.017 

0.000 

0.000 

24 


0.205 


0.319 

0.390 

0.389 

0.551 

25 

0.032 

0.178 

0.276 

0.231 

0.195 

0.144 

0.422 

26 

0.005 

0.065 


0.071 

0.092 

0.016 

0.109 

27 


0.120 



0.092 

0.076 

0.101 

28 

0.482 

0.083 

0.482 


0.492 

0.534 

0.736 

29 

0.196 

0.204 



0.297 

0.325 

0.487 

30 

■AHUM 

0.171 


0.126 

0.110 

0.108 

0.185 

31 

0.016 

0.218 

0.159 

0.164 

0.187 

0.154 

0.162 

32 

0.056 

0.222 


0.172 

0.246 

0.196 

0.289 

33 

0.201 

0.223 

0.329 

0.294 

0.424 

0.342 

0.514 

34 

0.536 

0.365 

0.562 

0.479 

0.806 

0.765 

0.864 

35 


0.212 

0.127 

0.172 

0.161 

0.134 

0.235 

36 


0.080 


0.092 

0.119 

0.087 

0.153 

37 

0.111 

0.069 

0.159 

0.151 

0.195 

0.155 

0.254 

38 

KTirn 

0.014 



0.034 

0.020 

0.044 

39 

mmn 

0.120 

0.118 

0.024 

0.102 

0.113 

0.133 

40 

■IMlJlil 

0.112 


0.004 

0.085 

0.087 

0.091 

41— 








1st foot 

0.311 

0.209 



0.508 

0.443 


2d foot 

0.311 

0.209 



0.480 

0.443 


3d foot 

0.286 

0.201 



0.449 

0.413 


4th foot 

0.286 

0.201 



0.415 

0.413 











1 Association method for irrigating waters. 

* By this method the soil filtrate was evaporated, gently ignited, redissolved in 
freshly-boiled water, and titrated for C0 8 and HCOi with KHSO4. 

3 Association method for 1 ‘black alkali.” 
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SODIUM. 

This element is not often determined because the usual process for its 
determination is too long. Some laboratories report the difference be- 
tween the total solids and the sum of the other substances determined as 
sodium. At the New Mexico station the sodium reported is a sum of 
the sodium ions in the salts calculated in probable combination with the 
acid ions. 


STATEMENT OF RESULTS. 

It is essential that the results of alkali investigations be expressed in a 
uniform manner, and in form most readily interpreted by the public. 

Some investigators report their results as radicals, others give only partial 
probable combinations, while in some cases a complete combination of 
all of the acid and basic radicals is attempted. 

The Bureau of Soils 1 combines all Ca, Mg, K and Na with SO4, Cl, 
CO3 and HCO3 in the order named. They say that “convenience justi- 
fies such a combination, which is arbitrary, although sometimes a source 
of “much useful information.” 

This method of combination may indicate sodium carbonate and sodium 
acid carbonate in the same solution with calcium sulphate and in amounts 
sufficient to exceed the usually accepted toxic limits of crops. This 
bureau, in a recent bulletin on the “Soil Survey of the Middle Rio Grande 
Valley Area, New Mexico, ” reports 738 parts of sodium acid carbonate, 
84 parts sodium carbonate and 3376 parts of calcium sulphate per 100,000 
parts of alkali. The carbonate and bicarbonate radicals determined in 
these samples were probably combined with calcium and magnesium ions. 

At the Utah station both carbonates and bicarbonates are reported 
as sodium carbonate, all ehlorin as sodium chlorid, and all calcium as 
calcium sulphate. Bulletin No. 121 of this station gives analyses of radi- 
cals combined in this manner which show as much as 0.1 per cent sodium 
carbonate in solution with 2.34 per cent calcium sulphate. The California 
station reports all carbonates and bicarbonates as sodium carbonate. 

At the Arizona station carbonates, chlorids and permanent hardness 
are determined and reported as sodium carbonate, sodium chlorid, and 
calcium sulphate, respectively. 

The method recommended by the association for combining the radicals 
in irrigating waters is used at the New Mexico station. All calcium and 
magnesium are calculated to the acid ions in the following order: HC0 3 , 
SO4, and Cl: then the remaining acid ions, including CO 3 , are calculated 
to the corresponding Na salts. 


1 Seidell: Chemical Examination of Alkali Soils. 
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In a circular from the Bureau of Plant Industry, on the “Work of 
Truckee-Carson Reclamation Project Experimental Farm,” on page 
11 they state that it is “sufficiently accurate to calculate all analyses to 
sodium salts.” By calculating all carbonates and bicarbonates to sodium 
salts, nearly all soil solutions would contain enough black alkali to condemn 
them if we accept 0.05 per cent as the toxic quantity. 

No report was made by the referee on inorganic plant constituents. 

The meeting adjourned at 12.30 to convene for the afternoon session at 2. 



MONDAY— AFTERNOON SESSION. 

At the opening of the afternoon session, the following committees were 
announced by the president: 

Committee to invite the Secretary or the Assistant Secretary to address the 
association : P. F. Trowbridge, of Missouri; R. N. Brackett, of South 
Carolina; and C. B. Lipman, of California. 

Committee on resolutions: William Frear, of Pennsylvania; B. B. Ross, 
of Alabama; and H. H. Hanson, of Maine. 

Auditing committee: R. J. Davidson, of Virginia; H. B. McDonnell, 
of Maryland; and R. E. Stallings, of Georgia. 

Committee on nominations: W. A. Withers, of North Carolina; H. C. 
Lythgoe, of Massachusetts; and A. J. Patten, of Michigan. 

REPORT ON INSECTICIDES. 

By R. C. Roark (Bureau of Chemistry, 

Washington, D. C.) Referee . 

The cooperative work on insecticides this year has included the study 
of methods for the determination of moisture, carbon dioxid, copper, 
arsenic and lead oxid as they occur in one or more of the following: Bor- 
deaux, Bordeaux-lead arsenate, and Bordeaux-Paris green. Work was 
also done on the comparison of new methods for the determination of 
nicotin, and of arsenious oxid in Paris green, with the present official 
methods. 

In* the spring the following letter was sent to the chemists of eighteen 
experiment stations: 

Dicar Sir: I am writing to ask if you will cooperate in the A. 0. A. C. work on 
insecticides this year. 

The association at its last meeting recommended that the following methods 
be studied: (1) Hedges’ method for the determination of arsenious oxid in Paris 
green and other insecticides (J. Ind. Eng. Chem., 1909, 1: 208); and (2) the Lloyd 
method for the determination of nicotin in tobacco and tobacco extracts (Bur. 
Chem. Bui. 56, p. 114). 

In addition, in view of the wide use of Bordeaux mixture and the fact that no 
methods for its analysis have been adopted, it is proposed to study methods for the 
determination of the principal ingredients of Bordeaux, Bordeaux-lead arsenate 
and Bordeaux-Paris green mixtures. Furthermore, the siiiootungstate method 
for the determination of nicotin (B. A. I. Bui. 133) has been used with entire 
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satisfaction in this laboratory for nearly three years, and I should like to have it 
tested by the collaborators. 

The work on insecticides for 1914, therefore, will comprise a study of the follow- 
ing: 

(1) The Lloyd and silicotungstate methods for the determination of nicotin. 

(2) Methods for the determination of moisture, carbon dioxid, copper, lead and 
arsenic as they occur in one or more of the following: Bordeaux, Bordeaux-lead ar- 
senate, and Bordeaux-Paris green. 

(3) Hedges' method for the determination of arsenious oxid in Paris green. 

Of the eighteen stations, four did not reply, five were not able to cooper- 
ate, while nine promised to assist in the work, but of these latter two have 
not sent in any results. Two analysts from California and three from 
Minnesota sent in results. Six analysts from the Insecticide and Fungi- 
cide Laboratory of the Bureau of Chemistry have assisted in certain 
determinations, so that altogether sixteen chemists have cooperated 
in the work for this year. 

The directions sent the cooperators were as follows: 

INSTRUCTIONS TO COLLABORATORS. 

HEDGES METHOD FOR ARSENIOUS OXID IN PARIS GREEN. 

Place 2 grams of the sample in a 250 cc. graduated flask and dissolve in about 
50 cc. of hydrochloric acid (1:1) by warming on the steam bath at a temperature 
of not over 80° C. When completely dissolved cool and make to mark with distilled 
water. Pipette a 25 cc. aliquot into an Erlenmeyer flask, dilute to about 300 cc. 
add a sufficient excess of sodium bicarbonate to dissolve the precipitate which is 
first formed and titrate with twentieth-normal iodin solution with starch paste as 
an indicator. The color change indicating the end point may be best observed 
against a white background. (The original directions call for the titration to be 
made in a porcelain evaporating dish.) The titration (with twentieth-normal iodin 
solution should not be made until all the copper carbonate which is precipitated by 
the sodium bicarbonate has been redissolved by an excess of that reagent. Ten to 
15 grams of sodium bicarbonate will be sufficient in most cases). 

C. M. SMITH METHOD FOR ARSENIOUS OXID IN PARIS GREEN. 

Transfer 2 grams of the sample to a 250 cc. graduated flask, add 50 cc. of water 
and 50 cc. of sulphuric acid (1:4), warming on the steam bath until solution is com- 
plete. Cool and make to mark with distilled water. Pipette a 25 cc. aliquot into a 
500 cc.. Erlenmeyer flask, dilute to about 150 to 200 cc., neutralize with sodium bi- 
carbonate, and add about 10 grams in excess. Then add about 5 grams of ammonium 
chlorid, which will dissolve the copper carbonate. Titrate as usual with twentieth- 
normal iodin, with starch paste as an indicator. 

A blank should be run using an equivalent weight of copper sulphate, and this 
blank which should never be over 0.2 cc., subtracted from the titration reading. 

BORDEAUX MIXTURE. 

(1) Moisture. — (a) If the sample is in the form of a powder, dry 2 grams to con- 
stant weight at 105°-110° in an oven and report the percentage lost as moisture. 
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(b) If the sample is in the form of a paste, heat a weighed portion of about 100 
grams in an oven at 90° to 100° until dry enough to powder readily, and note the 
loss in weight. Determine carbon dioxid both on the original paste and on this 
rough dried sample according to the method described under (2) . Powder this rough 
dried sample, weigh out about 2 grams and determine remaining moisture as under 
(a). Calculate total moisture as follows: Total moisture = loss on first drying 
plus (1 — loss on first drying) (loss on second drying + carbon dioxid in dried sample) 
— carbon dioxid in paste. 

(2) Carbon dioxid .— Determine carbon dioxid on 2 grams of the powder accord- 
ing to the method of Fresenius (U. 8. Geol. Survey Bui. 422, pp. 179-181; Fresenius, 
Quantitative Chemical Analysis, 1911, 2: 1180). In the case of a paste, use about 
10 grams, which should be weighed out in a stoppered flask. 

(3) Copper. — (a) Treat 2 grams of the dry powdered sample with 20 cc. of water 
and 5 cc. of concentrated nitric acid, dilute to 100 cc. ond wash into a weighed plati- 
num dish of about 150 cc. capacity, and electrolyze, using a rotating spiral anode 
with a current of about 3 amperes and 3 to 4 volts. After all the copper is deposited 
(which should take about one-half hour) wash the deposit by siphoning with dis- 
tilled water, then rinse with alcohol, dry for a few minutes in an oven, and weigh. 

(b) Dissolve 2 grams of the dry powdered sample in about 50 to 100 cc. of 10 per 
cent nitric acid, add ammonium hydroxid in excess and heat, and filter off any 
iron that may be present. Wash precipitate thoroughly, boil off excess of ammonia 
from filtrate, add 5 to 10 cc. of acetic acid, cool, add 3 grams of potassium iodid and 
titrate with standard thiosulphate solution. 

The thiosulphate solution used for this titration should be standardized exactly 
as described on page 241 of Bureau of Chemistry Bulletin 107, Revised. In deter- 
mining the copper in a Bordeaux, however, the use of bromin is not necessary, as 
no oxids of nitrogen are formed in dissolving the sample. 

Calculate all results to original material. 

BORDEAUX MIXTURE WITH PARIS GREEN. 

(1) Moisture . — Determine as directed for Bordeaux mixture. 

(2) Carbon dioxid . — Determine as directed for Bordeaux mixture. 

(3) Copper.— {a) Dissolve 2 grams of the dry powdered sample in a few cc. of 
strong nitric acid, add 25 cc. of a 3 per cent solution of hydrogen peroxid and warm 
for 5 to 10 minutes. Make slightly alkaline with ammonium hydroxid, then slightly 
acid again with dilute nitric acid. Transfer to a weighed platinum dish of about 
150 cc. capacity, add 15 to 20 cc. more hydrogen peroxid, dilute to 100 cc. and electro- 
lyze with a current not exceeding 2 amperes, using a rotating spiral anode. After 
the electrolysis has proceeded for about 20 minutes, add to the electrolyte 0.5 grams 
of ferric sulphate dissolved in a few cubic centimeters of water together with a 
drop or two oi nitric acid. After all the copper is deposited wash the deposit by 
siphoning with distilled water, then rinse with alcohol, dry for a few minutes in an 
oven, and weigh. (Do not pass the current for more than 5 to 10 minutes after all 
the copper has been deposited without adding more ferric sulphate.) 

(b) Weigh 2 grams of the dry powdered sample into a casserole or porcelain evapo* 
rating dish, add 25 cc. of fuming nitric acid and evaporate to dryness. Now add 5 
cc. of concentrated sulphuric acid and heat to appearance of white fumes. Dilute 
with water, heat, add ammonium hydroxid, filter off calcium sulphate and iron, 
if present, and proceed as directed for the volumetric determination of copper under 
Bordeaux mixture. 
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(4) Arsenious oxid (As*Oj) . — Determine by distillation with hydrochloric acid 
as given under Bordeaux mixture with lead arsenate, using 0.5 gram material 
for the determination. 

(5) Water-soluble arsenious oxid (As*O a ). — Treat 2 grams with 1,000 cc. of dis- 
tilled water, digesting for 24 hours at a temperature of 32°C., shaking 8 times during 
the day at intervals of 1 hour. Filter through a dry filter, take a 250 cc* aliquot, 
make slightly acid with hydrochloric acid (methyl orange as indicator), then alkaline 
with excess of sodium bicarbonate, and titrate with twentieth-normal iodin as usual. 
Make corrections for iodin necessary to produce the same color using same chemicals 
and same volume. 

Calculate all results to original material. 

BORDEAUX MIXTURE WITH LEAD ARSENATE. 

(1) Moisture. — Determine as directed for Bordeaux mixture. 

(2) Carbon dioxid. — Determine as directed for Bordeaux mixture. 

(3) Copper. — Treat one gram of the dry powdered sample with 20 cc. of water and 
5 to 6 cc. of concentrated nitric acid, heat to boiling, cool, and add concentrated 
ammonium hydroxid to slight excess. Wash the solution, together with the pre- 
cipitate, into a weighed platinum dish of about 150 cc. capacity, and electrolyze, 
using a rotating anode and a current of about 4 amperes and 3 to 4 volts for about 
one and one-half hours (or until the copper is all deposited). Wash the deposit by 
siphoning until the deposit is clean, being careful not to use too much wash water. 
Redissolve the copper in 5 cc. of concentrated nitric acid, make the solution to 
100 cc. and electrolyze as before, except that all the copper will be deposited in a 
half hour. Wash the deposit by siphoning with distilled water, then rinse with 
alcohol, dry for a minute or so in an oven and weigh. 

(4) Lead oxid. — Dissolve the lead peroxid, together with a little arsenic, from the 
anode used in the copper electrolysis by means of dilute nitric acid and a little hydro- 
gen peroxid and add to the washings from both electrolyses of copper. Add ammon- 
ium chlorid to dissolve any lead sulphate which may have precipitated out and make 
the solution to 1,000 cc. Pipette 200 cc. of this into a 400 oc. beaker, dilute to about 
300 cc., and precipitate the lead as lead chromate, according to the method for lead 
oxid in lead arsenate (Bur. Chem. Bui. 152, p. 68). 

Total arsenic oxid (As*0*).— Weigh into a distilling flask 0.5 gram of the dry pow- 
der, add about 10 grams of ferrous sulphate and 100 cc. of concentrated hydrochloric 
acid. Distill through a well-cooled condenser and adapter into a 700 cc. Erlenmeyer 
flask containing about 100 cc. of water. When volume in the distilling flask equals 
about 40 cc., add 50 cc. more concentrated hydrochloric acid by means of a dropping 
funnel and continue distillation. Repeat until a freshly-distilled portion contains 
no more than traces of arsenic (tested by neutralizing with sodium bicarbonate and 
adding iodin solution together with a little starch paste). Nearly neutralize the 
distillates with 25 per cent sodium hydroxid solution, using methyl orange as an 
indicator, being careful to keep the solution well cooled. If the neutral point is 
passed, add hydrochloric acid until acid again. Make alkaline with sodium bicar- 
bonate and titrate with standard iodin solution using starch paste as an indicator. 

(6) Water-soluble arsenic oxid (As a Oi) . — Determine according to the method for 
the determination of water-soluble arsenic oxid in lead arsenate recommended for 
provisional adoption by the association in 1913, which is as follows: Weigh to 0.01 
gram about 4 grams of paste. Place in a tightly-stoppered flask or bottle with 250 
cc* of freshly-boiled and cooled distilled water per gram and keep at 32° C* for 24 
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hours, shaking well every hour during the working day (8 times in all), filtering at 
the end of 24 hours. Use 250 cc. of the clear filtrate for the determination. Add 
0.5 cc. of sulphuric acid and proceed as directed under water-soluble arsenic oxid, 
Bulletin 107, Revised, p. 240. It is important that the solution shall be perfectly 
clear and the titrations carefully made. Make corrections for iodin necessary to 
produce the same color, using same chemicals and volume. 

Calculate all results to original material. 

SILICOTUNGSTIC ACID METHOD FOR NICOTIN. 

There are several silicotungstic acids. For use in this method the silicoduodeci- 
tungstic acid of the formula 4HsOSi0 2 '12WOi , 22HiO should be employed. The acids 
4HiOSiO 2 10WO|3H2O and 4HjO*SiOj'12WOa , 20HfO, do not give crystalline pre- 
cipitates with nicotin and should not be used in this method. Merck and Com- 
pany's silicotungstic acid cryst. has been found satisfactory. 

(a) Weigh out such an amount of the preparation as will contain preferably be- 
tween 0.1 and 1 .0 gram of nicotin (in the case of samples containing very little nico- 
tin, about 0.1 per cent; the amount of sample must not be increased to the point 
where it interferes with the distillation) ; wash with water into a 500 cc. round- 
bottomed flask ; add a little paraffin to prevent frothing, a few small pieces of pumice 
and a slight excess of 1 to 2 sodium or potassium hydroxid solution, using phenol- 
phthalein as an indicator. Distill in a rapid current of steam through a well-cooled 
condenser, and adapter, into 10 cc. of dilute hydrochloric acid (1 : 4) in a capacious 
flask. When distillation is well started, apply heat to the distillation flask to re- 
duce the volume of the liquid as far as practicable without bumping or undue sepa- 
ration of insoluble matter. Continue distillation until a few cubic centimeters of 
the distillate collected from the condenser after removal of the adapter show no 
cloud or opalescence when treated with a drop of silicotungstic acid solution followed 
by a drop of dilute hydrochloric acid (1 : 4). Prove alkalinity of the residue in the 
distillation flask with phenolphthalein solution. Make the distillate, which may 
amount to 1,000 to 1,500 cc. to convenient volume, mix well and pass through a large 
dry filter if not clear. Test a portion with methyl orange to assure its acidity. 
Pipette into a beaker an aliquot containing about 0.1 gram nicotin (in the case of 
samples containing very small amounts of nicotin, an aliquot containing as little as 
0.01 gram of nicotin may be used), add to each 100 cc. of liquid 3 cc. of dilute hydro- 
chloric acid (1:4), or more if indicated necessary by the test with methyl orange, 
and add 1 cc. of a 12 per cent solution of silicotungstic acid for each 0.01 gram of 
nicotin supposed to be present. Stir thoroughly and let stand overnight. Before 
filtering, stir up the precipitate to see that it settles quickly and is in crystalline 
form; then filter on a prepared Gooch which has been dried to constant weight at 125° 
C., and wash with cold water acidulated with hydrochloric acid (1 cc. of concentrated 
acid per liter). Dry to oonstant weight at 125°C., and from weight of anhydrous 
nicotin silicotungstate calculate nicotin, using the factor, weight nicotin silico- 
tungstate X 0.1012 - weight nicotin. (As dried nicotin silicotungstate is very 
hygroscopic, in weighing the Gooch crucibles they should always be inclosed in a 
weighing bottle with glass stopper to avoid contact with the air.) 

(b) Proceed as directed under (a) except filter on a quantitative paper filter, 
wash as before, transfer paper and precipitate to a weighed platinum crucible, dry 
carefully, and ignite until all carbon is consumed. Finally heat for not more than 
ten minutes over a Teclu or Meker burner. Calculate nicotin as follows: Weight 
residue X 0.114 - weight nicotin. 
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LLOYD METHOD FOR NICOTIN. 

Weigh out carefully euch a quantity of the material that the amount of nicotin 
present will be from 0.05 to 0.50 gram. Add 2 cc. oi a 10 per cent solution of ferric 
chlorid for each gram of sample, and mix well. In the oase of powders, add enough 
water to make a thin pasty mass. Now add, with stirring, enough Bolid sodium 
bicarbonate to form a stiff paste. After thoroughly mixing in the sodium bicar- 
bonate, which should be present in excess, extract the mass 10 times with petroleum 
ether, using 20 cc. each time. This extraction should be carried out very thoroughly, 
care being taken that all parts of the mass are reached by the solvent. Put all the 
petroleum ether extracts in a separatory funnel, and extract 3 times with tenth- 
normal sulphuric acid, using 20 cc. each time. Extract twice more with water, using 
20 cc. for each extraction, combine the acid and aqueous extracts, and titrate with 
tenth-normal sodium or potassium hydroxid, with litmus as an indicator. Each 
cubic centimeter of tenth-normal sulphuric acid not titrated by the alkali equals 
0.01621 gram of nicotin. 

In order to thoroughly test these methods, the following representative 
samples were used: 

Paris green — commercial. 

Bordeaux powder — commercial. 

Bordeaux paste — prepared in the Insecticide and Fungicide Laboratory. 

Bordeaux-Paris green — commercial powder. 

Bordeaux-lead arsenate — commercial paste. 

Tobacco powder — commercial. 

Nicotin solution No. 1 — commercial concentrated solution. 

Nicotin solution No. 2 — prepared by diluting solution No. 1 and add- 
ing a little pyridin and ammonium chlorid. 

C. M. Smith’s method for the determination of arsenious oxid in Paris 
green was included in the directions sent the cooperators, as it had been 
tested in the Insecticide and Fungicide Laboratory and found to be quick 
and accurate. 

ANALYTICAL RESULTS OF THE COOPERATORS. 

PARIS GREEN. 

' Below are tabulated the results obtained by the cooperating chemists 
on the sample of Paris green as analyzed accordingto the different methods: 
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Anayhis of Paris green . 


(Results expressed as per cent.) 



TOTAL AR6ENIOUB OXID (AfeOl) 

ANALYST 

Official 

Modified 

official 

method 

C. M. Smith 

C.C. Hedges 


method 

method 

method 

A. K. Anderson, Minnesota 

60.54 


58.34 

59.61 


59.80 

59.72 


58.41 

59.94 





Average 

60 02 


58.38 

59.78 

J. J. Willaman, Minnesota 

59 51 


56.85 

60.29 

60 33 


57.07 

59.73 


58 90 



60.02 

Average . . . 

59.58 


56.96 

60.01 

C. M. Smith, Washington, D. C.. 

58.35 

58 35 

57.80 

57.92 

58.35 

58 29 

57.80 

57.86 


58 32 

58 23 

57.80 

57.80 


58 14 

58.42 

57.86 

57.80 

Average 

58 29 

58 32 

57.82 

57.85 

W. B. Ellett and W. G. Harris, Virginia 

59 47 


58.41 

58.91 

59 17 


58.41 

58.78 


60 10 


58.79 

58.41 




58.29 

58.79 




58.66 

58.79 

Average 

59 58 


58.51 

58.74 

J. J. T. Graham, Washington, I). C... . 

58 32 

58 14 

58 11 

l 58 07 

58.18 

58 39 

58.04 

l 58.00 


58.18 

58.14 

58.04 

l 58.03 

Average 

58.23 

58.22 

j 

58 06 

58.03 

0. B. Winter, Michigan 

58.74 


58.50 

58 69 

58 93 


58.50 

58.45 

Average ... 

58.84 


58.50 

58.57 

Geo. P. Gray, California 



57.23 

57.87 




57.54 

57.84 




57.78 

57.87 




57.78 

57.96 

Average 



57.58 

57.89 




S. D. Averitt Kentucky 



57.87 

57.93 




57.87 

57.87 




57.87 

57.87 




Average 



57.87 

57.89 


1 Run at 60° instead of 80°. 
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Analysis of Paris green. — Concluded. 


TOTAL AR0SNIOUS OXID (As*0») 


ANALYST 

Official 

method 

Modified 

offioial 

method 

C.M. Smith 
method 

C. C.JZegces 

E. R. Tobey, Maine , , , 

58.56 

■gjgij 

59.41 

58.07 


58.62 


59.29 

58.19 




59.29 

58.07 

Average 

58.59 


59.33 

58.11 

F. L. Elliott, Washington, D. C 

58.67 

58.57 

58.11 

57.62 


58.60 

58.53 

58.15 



58.50 

58.50 

58.15 


Average 

58.59 

58.53 

58.14 

57.60 

R. C. Roark, Washington, D. C 

58.50 


57.94 

57.94 




57.94 

57.87 


58.65 


57.94 

57.72 


58.50 


57.94 

57.72 


58.43 


57.94 

57.72 


58.43 


57.94 

57.72 

Average 

58.50 


57.94 

57.78 







The official method in the above table is the method given on page 
25 of Bulletin 107, Revised, of the Bureau of Chemistry. The modified 
official method is the same except that sulphuric acid is substituted for 
hydrochloric in the reduction of arsenic oxid by potassium iodid and acid. 
This modified official method is essentially the method used in determining 
arsenic oxid in lead arsenate (Bur. Chem. Bui. 107, Rev., p. 239). 

The following comments by the cooperators on these methods are 
of interest: 


COMMENTS BT ANALYSTS. 

E . R. Tobey : Much prefer Hedges method to the C. M. Smith method, or even 
the official. 

S. D. Averitt (Speaking of the method of Hedges and Smith) : The results show 
that one method is as good as the other and the method used might be left to the 
choice of the worker. 

0. B. Winter: The Smith and Hedges methods consume less time than the official 
method, but run slightly lower. This latter is probably due to a small amount of 
arsenic oxid present which is reduced by the potassium iodid in the official method. 

J. J. T. Graham and F . L. Elliott: Much prefer the Smith method to the Hedges 
method, as there is no danger of losing any arsenic when a Paris green is dissolved 
in sulphuric acid, whereas when hydrochloric acid is used as in the Hedges method 
the temperature must be closely watched or some arseniouB chlorid will be lost. 

It will be noted that the results of the different analysts do not agree 
as closely as might be expected, even those results obtained by the official 
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method varying nearly 2.0 per cent. This is probably due partly to errors 
in standardizing the iodin solution. Very few samples of arsenious oxid 
are 100 per cent pure and a slight error in the value of the iodin solution 
introduces a considerable error in the determination. 

As a rule the results by the Hedges method are a trifle lower than those 
by the official method. This is most likely due to the escape of a part 
of the arsenic as arsenious chlorid. If the temperature is kept at 60° 
instead of 80° better results are obtained. In C. M. Smiths method 
the results arejgenerally lower than those obtained by the official method. 
In analyzing a sample of Paris green according to this method the follow- 
ing precautions should be observed : The Paris green must be completely 
dissolved in the acid; the precipitate caused by the addition of the sodium 
bicarbonate must be completely redissolved by the addition of ammonium 
chlorid; and the blue color produced by the action of iodin on starch must 
not be confused with the blue color of the solution. When ammonium 
chlorid is added the blue color is darker than when only sodium bicar- 
bonate is used, but with a little experience the end point of the iodin 
titration may be determined as sharply as in a colorless solution. The 
methods of Smith and Hedges are found to yield better results if modified 
as given on page 446 of this report. The following table gives results 
obtained by these two methods as sent to the cooperators, and as modified 
on page 446. 


Total arsenious oxid (A82O*) by modified and unmodified methods. 


ANALYST 

SMITH METHOD 

HEDGES 

METHOD 

Original 



Modified 


per cent 

jht cent 

per cent 

per cent 

R. C. Roark, Washington, D.C. 

57.94 

58.55 

57.94 

58.50 

57.94 

58.50 

57.87 

58.35 


57.94 

58.55 

57.72 

58.65 


57.94 

58.60 

57.72 

58.65 


57.94 

58 50 

57.72 



57.94 


57.72 


Average 

57.94 

58.54 

57.78 

58.54 

F. L. Elliott, Washington, D. C 

58.11 

58 15 

57.62 

58.15 

58.15 

58 15 

57.62 

58.10 


58.15 

58.10 

57.57 

58.10 

Average 

58.14 

58.13 


58.12 

C. M. Smith, Washington, D.C 

1 

1 

57.92 

158.00 



57.86 

l 58.20 



58.15 




57.86 

58.25 



Average 

57.82 

58.15 

57.85 

58.10 


1 Dissolved at room temperature. 
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In these methods as modified, more acid in proportion to the weight of 
sample is used, thus insuring a complete decomposition of the Paris green. 

Both the methods of Hedges and C. M. Smith are easy, quick, and 
accurate ones for the determination of arsenious oxid (As*0») in Paris 
green, but they are not applicable for the determination of total arsenic 
where part of it is in the form of arsenate. Paris green, however, should 
not contain arsenic in this form. 

In the official method the use of sulphuric instead of hydrochloric acid 
has the following advantages: 

(1) There is no danger of losing arsenic as arsenious chlorid, the re- 
duction of Ai^Ot to As 20 s is always complete, and the method yields more 
closely-agreeing results with less care in manipulation. 

(2) Less acid and less potassium iodid are required, therefore the method 
is cheaper as regards reagents, and less time is required for neutralising 
the acid. 

The method of determining arsenic by distillation with hydrochloric 
acid is a very accurate one, and although not tried out on a straight Paris 
green, it has been used in the case of Bordeaux-Paris green and Bordeaux- 
lead arsenate mixtures with entire satisfaction. 

I, therefore, recommend that these methods, as given in the following 
paragraphs, be adopted as official and that the present methods for the 
determination of total arsenious oxid in Paris green, as published in 
Bureau of Chemistry Bulletin 107, Revised, pages 25 to 27, be discarded. 

METHODS FOIt PARIS GREEN. 

Total Arsenic Present as As 2 Oj and AS2O5 
solutions required: 

Starch solution. — Use a starch solution prepared as follows : Stir finely-powdered 
potato starch in a small amount of cold distilled water until a uniform suspension 
results, then slowly add this suspension, with constant stirring, to boiling distilled 
water. About 0.5 gram of starch to each 100 cc. of the completed solution should 
be used. After the starch suspension is added to the boiling water the heating 
should be discontinued. 

Standard solution of arsenious oxid (AS2O3). — Chemically pure arsenious oxid, 
which should be carefully tested for impurities according to the methods of Krauch, 
should be used. Prepare a solution of the arsenious oxid of such strength that 50 
cc. of it contain 0.2000 gram, in one of the following ways: 

(a) Dissolve, without heating, in a freshly-prepared solution of chemically pure 
sodium or potassium hydroxid, using 4 to 5 grams of the alkali to each gram of the 
arsenious oxid. 

(b) Dissolve by boiling in a 12 to 15 per cent solution of sodium bicarbonate, 
using about 6 grams of the sodium bicarbonate to each gram of the arsenious oxid. 

(c) Dissolve by boiling in water containing about 4 or 5 grams of sulphuric acid 
per gram of arsenious oxid present. 

(d) Dissolve in a 10 per cent solution of hydrochloric acid by warming on the 
steam bath, being careful that the temperature does not exceed 60° C. 
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After solution is effected in one of the above ways, the solution should be cooled 
and made up to volume in a graduated flask. 

Standard iodin solution . — Prepare an approximately twentieth-normal solution 
of iodin as follows: Intimately mix chemically pure powdered iodin with twice its 
weight of chemically pure potassium iodid, uisng 6.35 grams of the iodin for each 
liter of solution desired. Make up to volume and standardize as follows: Pipette 
into an Erlenmeyer flask 50 cc. of the standard solution of arsenious oxid, which, 
if prepared according to methods (a) or (b), should then be acidified with either 
hydrochloric or sulphuric acid. Neutralize with sodium bicarbonate, adding 4 or 5 
grams in excess, and add from a pipette 50 cc. of the standard iodin solution. Now 
add about 5 cc. of the starch solution, and run in the iodin solution drop by drop 
from a burette until a permanent blue color is obtained. From the number of cubic 
centimeters of iodin used should be deducted the number of cubic centimeters of 
iodin necessary to produce the same intensity of color in a solution of the same 
reagents (except arsenic) and of the same volume. From the corrected number of 
cubic centimeters of iodin calculate the value of the iodin solution in terms of arseni- 
ous oxid (As 2 0 # ). 

DETERMINATION : 

Method I. 

Weigh carefully an amount of Paris green such that when dissolved and made up 
to volume in a graduated flask 50 cc. of the solution will contain an amount of Paris 
green equal to the amount of arsenious oxid to which 100 cc. of the iodin solution 
are equivalent. (Example. — If 1 cc. of the standard iodin solution = 0.002841 
grain of AsjOj, weigh 5 X 0.2841 = 1.4205 gram Paris green and when dissolved make 
up to volume in a 250 cc. flask). Transfer the Paris green to the graduated flask by 
means of about 100 cc. of a 2 per cent sodium hydroxid solution and boil the mixture 
thoroughly until no green particles are visible. Cool and make up to volume. Filter 
the well-shaken liquid through a dry filter and use 50 cc. portions for analysis. Pi- 
pette 50 cc. into an Erlenmeyer flask, dilute to about 100 cc. with water, add 3 to 4 cc. 
of concentrated sulphuric acid and 1 gram of potassium iodid and boil down to 40 
cc. Cool under running water, and add approximately twentieth-normal thiosul- 
phate solution drop by drop from a burette until the solution is exactly colorless. 
Add sodium bicarbonate in excess and titrate with the standard iodin solution as 
directed under standardization. The corrected number of cubic centimeters of 
iodin used in this titration represents directly the total per cent of arsenic in the 
sample expressed as AS2O3. (If any arsenic should be present in the form of arsenate 
it will be titrated as AsaOi according to this method.) 

Method II. 

Weigh carefully an amount of Paris green equal to the amount of arsenious oxid 
to which 100 cc. of the standard iodin solution are equivalent, and wash into a dis- 
tilling flask by means of 100 cc. of concentrated hydrochloric acid. Add about 5 
grams of ferrous sulphate and distill through a well-cooled condenser and adapter 
into a large Erlenmeyer flask containing about 50 to 100 cc. of water. When the 
volume in the distilling flask equals about 40 cc., add 50 cc. more concentrated hydro- 
chloric acid by means of a dropping funnel and continue distillation. Repeat until 
a freshly-distilled portion contains no more than traces of arsenic (tested by neutral- 
izing with sodium bicarbonate, adding a little starch paste and a few drops of iodin 
solution). Nearly neutralize the distillates with 25 per cent sodium hydroxid solu- 
tion, using methyl orange as an indicator, being careful to keep the solution well 
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cooled. (If the neutral point is passed, add hydrochloric acid until acid again.) 
Add sodium bicarbonate in excess and titrate with standard iodin solution as directed 
in Method I. 

Total Arsenic Present as As*Os Only . 

Method III. 

(a) Procedure of C. C . Hedges, modified . — Weigh carefully an amount of Paris 
green equal to the amount of arsenious oxid to which 100 cc. of the iodin solution are 
equivalent, wash into an Erlenmeyer flask by means of about 25 to 30 cc. of 1 to 1 
hydrochloric acid followed by about 100 cc. of water, and heat on the steam bath 
only as long as is necessary to complete solution, being careful that the temperature 
of the solution does not exceed 60°C. Cool, neutralize with sodium bicarbonate, 
adding an excess, and add sufficient ammonium chlorid to dissolve the copper which 
is precipitated. Dilute somewhat, and add 50 cc. of iodin solution from the same 
pipette used in standardizing, then add about 5 cc. of the starch solution and finish 
the titration as directed under standardization. The corrected number of cubic 
centimeters of iodin used in this titration represents directly the per cent of arsen- 
ious oxid (A82O1) in the sample. 

(b) Procedure of C . M . Smith , modified . —Proceed as directed above, using 1 to 4 
sulphuric acid instead of 1 to 1 hydrochloric. The solution in this case may be heated 
to boiling. 

Total Arsenic Present as AsjCh Only. 

AsjO* determined by Methods I or II minus Ab 3 Oi determined by Method III 
equals the AsjOj really present as AbjO*. 

AsjO* X 1.16168 = As 2 0*. 

BORDEAUX. 

The results obtained on the two Bordeaux mixtures were as follows: * 

Analysis of Bordeaux mixtures. 

COPPER COPPER 

SAMPLE AND ANALYST MOISTURE (ELECTRO- (THK SUL- 

DIOXID LYTIC) PHATB) 

dry Bordeaux: percent per cen( percent percent 

W.B.Ellett and H.H. Hill, Virginia 13.65 

13.65 

13.65 

13.80 

13.75 

Average 13.70 

O.B. Winter, Michigan 6.94 5.68 13.16 

6.98 5.56 13.26 

5.67 13.21 

Average 6.96 5.64 13.21 

E.L. Griffin, Washington, D.C 7.59 5.83 13.50 13.55 

7.56 5.85 13.47 13.57 


Average 


7.58 


5.84 


13.49 


13.56 
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Analysis of Bordeaux mixtures. — Concluded. 


SAMPLE AND ANALYST 

MOISTURE 

CARBON 

DIOXID 

COPPER 

(ELECTRO- 

LYTIC) 

COPPER 

(THIOSUL- 

PHATE 

DRY BORDEAUX: 

per cent 

per cent 

per cent 

per cent 

Geo. P. Koch, Minnesota 

5.02 

5.63 


12.62 


4.93 

5.66 


12.62 



5.63 


12.58 





12.62 

Average 

4.98 

5.64 


12.61 

E. R. Tobey, Maine 

5.97 

5.84 

13.44 

13.55 




13.57 

13.97 




13.73 





13.63 

Average 

5.97 

5.84 

13.51 

13.72 

R. C. Roark, Washington, D. C 

7.58 

5.75 

13.46 

■19 



5.85 

13.48 






■19 

Average 

7.58 

5 80 

13.47 

13.46 


SAMPLE AND ANALYST 

MOISTURE 

CARBON 

DIOXID 

COPPER 

(ELECTRO- 

LYTIC) 

COPPER 

(THIOSUL- 

PHATE) 

BORDEAUX PASTE: 

per cent 

per cent 

per cent 

per cent 

0. B. Winter, Michigan 

70.46 

0.28 


5.21 



0.26 


5.26 

Average 

70.46 

0.27 


5.24 

Geo. P. Koch, Minnesota 

67 18 

0.43 





0 46 





0.38 



Average . 

67.18 

0.42 



E. R. Tobey, Maine 

67.88 

0 40 

5.70 

5.89 



0.54 

5.76 

5.81 

Average 

67.88 

0.47 

5.73 

5.85 

R. C. Roark, Washington, D. C — 

69.71 

0.23 

5.52 

5.48 




5.44 

5.41 

Average 

69.71 

0.23 

5.48 

5.45 


The cooperating chemists comment as follows on the methods for 
Bordeaux: 

COMMENTS BY ANALYSTS. 

0. B . Winter: We have no apparatus for estimating copper electrolytically so 
have omitted the electrolytic method. The above methods on dry Bordeaux were 
found very satisfactory. 
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E. R. Tobey: Experienced some difficulty in fixing the end point in determining 
copper by the titration method, and prefer the electrolytic method. 

The above figures show that very good results were obtained by the 
analysts. Outside of the Insecticide and Fungicide Laboratory only one 
of the chemists was provided with apparatus for the electrolytic determi- 
nation of copper, so that only a few results by this method are shown. In 
the case of a paste, it can be weighed out directly for the determination 
of copper, unless the amount of moisture is particularly desired. It was 
found that calcium sulphate retained small amounts of copper either in an 
ammonical or acetic acid solution, so that the directions for the determi- 
nation of copper by the thiosulphate method have been changed so as 
to avoid filtration, as given in the following: 

(b) Dissolve 2 grams of the dry powdered sample in about 50 cc. of 
10 per cent nitric acid, add ammonium hydroxid in excess and heat; then, 
without filtering off the precipitate which is formed, boil off excess of 
ammonia, add 5 to 10 cc. of acetic acid, cool, add 10 cc. of potassium iodid 
solution (30 grams potassium iodid to 100 cc.), and titrate with standard 
thiosulphate solution as described on page 241 of Bureau of Chemistry 
Bulletin 107, Revised. 

It is recommended that the methods offered for the determination of 
moisture be adopted as provisional, and that the other methods be adopted 
as official. 

BORDEAUX WITH PARIS GREEN. 


The results obtained on the sample of Bordeaux-Paris green sent oijt 
are as follows: 

Bordeaux with Paris green . 


ANALYST 

MOISTURE 

CARBON DIOXID 

COPPER ( ELEC- 
TROLYTIC) 

6 

S « 

as * 

Si 

|- 

TOTAL ARSENIC 

AS AssOa 

S3 

5" 

> 

W. B. Ellett and H. H. Hill, Virginia... 

Average 

per cent 

per cent 

per cent 

per cent 

16.60 

16.50 

16.55 

16.50 

per cent 

per cent 
























16.54 

15.46 

15.56 

15.66 



O. B. Winter, Michigan 

Average 

3.37 

3.44 

1.98 

1.97 


19.20 

19.14 

4.30 

4.34 






3.41 

3.42 
3.39 

| 1.98 

2.25 

2.28 


15.56 

16.14 

16.16 

19.17 

18.18 
18.38 

4.32 

E. L. Griffin, Washington, D. C 


3.41 

2.27 


16.15 

18.28 
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Bordeaux with Paris green.— Concluded. 


ANALYST 

a 

p 

s 

0 

a ! 

CARBON DIOXID 

L 

58 

is 

8 

COPPER (THIO- 
SULPHATE) 

h 

4 

h m 

g 5 

WATER — SOLU- 
BLE AsxOs 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

W. J. Morgan, Washington, I). C. 



16.17 


18.81 





16.17 


18.91 





16.21 

\ 



A vprn trp 

















16.18 


18.86 


(»eo. P. Koch, Minnesota . 

2 08 

2 10 



17.51 

3.92 


2 15 

2.09 



17.98 

3.92 



2 11 


. 



Average 

2.12 

2.10 



17.75 

3.92 

F. L. Elliott, Washington, D. C. 





18.77 







18.83 


Average 





18 80 


A. K. Balls, Washington, D. C. 



16 23 







16 16 







16.28 




Average 



16 22 




E. R. Tobev, Maine 

3 23 

2 15 

16.40 

16 52 

19 62 

4 92 




16.48 

16 39 

19 82 

4 92 

Average 

3 23 

2.15 

16.44 

16.46 

19 72 

4 92 

R. C. Roark, Washington, D. 0. 

3 38 

2 23 

U6.10 

16.14 

18 20 

4.53 



2 13 

1 1 6 . 33 

16.19 

18.40 

4.53 





16.21 


4.47 

Average.. 

3 38 

2 18 

16.22 

16 18 

18.30 

4.51 


1 Determined according to electrolytic method for copper in Bordeaux-lead- 
araenate. 


Here again the lack of suitable apparatus prevented most of the co- 
bperators from making electrolytic determination of copper. In general, 
the results on moisture, carbon dioxid and copper by the thiosulphate 
method agree very well. Total arsenic varies more than it should. 

It was found that the method given under Bordeaux-lead arsenate 
for the electrolytic determination of copper worked very well when ap- 
plied to a Bordeaux-Paris green. It was also found that the arsenious 
oxid (AsjOj) could be easily determined by the method of either Hedges 
or Smith, as might have been expected. 
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Total arsenious oxid in Bordeaux-Paris green . 


ANALYST 

DISTILLATION 

METHOD 

S§ 

li 

SMITH MSTHOD 

R. C. Roark, Washington, D. C 

per cent 

18.20 

18.40 

per cent 

18.30 

18.50 

18.53 

18.44 

percent 

15. 33 

18.33 
18.50 
18.39 

Average 

18.30 


The results on water-soluble arsenious oxid, as shown in the table on 
pages 448 to 449, vary from 3.92 to 4.92 per cent. This variation is un- 
doubtedly due to differences in the temperature of digestion. A slight 
difference in temperature causes a marked difference in the amount of 
soluble arsenious oxid found. In determining soluble arsenic in an 
arsenical, therefore, careful attention must be given to maintaining 
the temperature to the proper degree during the whole period of diges- 
tion, as well as to the ratio of water to the sample. 

It is recommended that the methods for copper and arsenic be changed 
to the following: 


METHODS FOR BORDEAUX WITH PARIS GREEN. 

Copper . 

(a) Determine as directed under Bordeaux-lead arsenate. 

(b) Weigh 2 grams of the dry powdered sample, transfer to an Erlenmeyer flask, 
add 25 cc. of concentrated nitric acid and heat on the Bteam bath to disappearance 
of brown fumes. Dilute somewhat with water and boil for several minutes, then add 
10 cc. of bromin water and continue boiling until all bromin is expelled. Neutralize 
with concentrated ammonium hydroxid and add about 5 cc. in excess. Boil a min- 
ute or so and add acetic acid in excess. Cool thoroughly, add about 3 grams of 
potassium iodid (or 10 cc. of potassium iodid solution, 30 grams to 100 cc.), and 
titrate immediately with standard thiosulphate solution in the usual way. Be 
careful that copper remains in solution. If copper appears to precipitate, it may be 
redissolved by the addition of a little acetic acid and rubbing the precipitate with 
a stirring rod fitted with a rubber policeman. Near the end of the titration it is well 
to add the starch solution in successive small quantities. 

Arsenious Oxid (As*Oi). 

(a) Determine by distillation with hydrochloric acid as given under Bordeaux- 
lead arsenate, using 0.5 gram material for the determination. (Any arsenate pres- 
ent will be determined by this method and reported as AssO«). 

(b) Determine according to either Hedges or Smith method for the determina- 
tion of arsenious oxid in Paris green. Before titrating be sure that all of the copper 
is in solution. 

BORDEAUX WITH LEAD ARSENATE. 

But little work was done on this mixture. The results obtained are 
as follows: 
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Analysis of Bordeaux with lead arsenate . 


ANALYST 

MOISTURE 

CARBON DIOXID 

LEAD OXID 

TOTAL ARSENIC 
AS AsiOi 

COPPER 

WATER-SOLU- 
BLE AsjOi 


per cent 

per cent 



per cent 

per cent 

0. B. Winter, Michigan 

51.82 

0.75 




0.09 


52.24 

0.75 




0.09 

Average ? 

52.03 



10.30 


0.09 

E. L. Griffin, Washington, D. C 

53.25 


21.84 

9.53 

3.66 

0.08 




22.05 

9.46 

3.59 

0.08 

Average 

53 25 


21.95 

9.50 

3.63 

0.08 

Geo. P. Koch, Minnesota 

49.44 

0.83 


10.64 


0 04 





11.13 


0.05 







0.04 

Average 

49.44 

0.84 


10.89 


Ifi 

E. It. Tobey, Maine 






0.14 






0.14 

Average 



24.10 


3.82 

0.14 

F. L. Elliott, Washington, D. C 




10.23 







10.23 







10.17 



Average 




10.21 



A. K. Balls, Washington, D. C 

i 




3.68 





I 


3.70 


Average 





3.69 









R. C. Roark, Washington, D. C 

53.03 

0.79 

22.18 


3.70 

0.08 







0.07 

Average 




9.96 

3.70 

0.08 


The above results agree fairly well considering the difficulties in analyz- 
ing such a sample and the inexperience of the analysts with the methods. 

In commenting on his results on the Bordeaux-lead arsenate and 
Bordeaux-Paris green, 0. B. Winter stated: “ I would say that the methods 
for determining copper, arsenious and arsenic oxids and especially the 
method for carbon dioxid gave closely-checking results with no difficulty 
whatever. The results were not good for moisture in the pastes, but the 
difficulty may have been due to lack of thorough mixing.” 

Although so reported, it is doubtful if all the arsenic in a Paris green, 
and more especially in a Bordeaux-Paris green, is present as As' ' Nor is 
it always true that all the arsenic in a lead arsenate or in a Bordeaux-lead 
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arsenate is present as As v , although it is generally so reported. It would 
therefore seem advisable that methods be devised for the accurate de- 
termination of As 2 Os and As 2 0 6 in the presence of each other and in the 
presence of one or more of the following: copper, lead, calcium and zinc. 

It is recommended that a method other than an electrolytic one be 
devised for the determination of lead and copper in a Bordeaux-lead 
arsenate. 

While on the subject of arsenicals, I wish to recommend for study this 
coming year, methods for the determination of the important constitu- 
ents of zinc arsenicals, such as zinc ortho-arsenite alone and in combi- 
nation with Bordeaux. 


NICOTIN. 

To test the methods for the determination of nicotin, three samples 
were sent to the cooperating chemists, namely, one powder, one con- 
centrated solution of free nicotin, and a dilute solution of the same to 
which was added a little pyridin and ammonium chlorid. 

The following tables are the results. 

Solution No. 2 was prepared by mixing 299.8 grams of nicotin solution 
No. 1 with 448.7 grams of an aqueous solution of pyridin and ammonium 
chlorid, the pyridin amounting to 4.64 per cent by weight and the ammo- 
nium chlorid to 3.95 per cent by weight in this aqueous solution. The 
theoretical amount of the ingredients in nicotin solution No. 2, as sent 
to the cooperators, is, therefore as follows: 

Pyridin 2.78 per cent by weight 

Ammonium chlorid 2.37 per cent by weight 

Nicotin 16.42 per cent by weight 

(assuming nico- 
tin content of 
solution No. 1 
to be 41.00 per 
cent) . 

The cooperating chemists report on the methods for nicotin as follows : 

COMMENTS BY ANALYSTS. 

0. B. Winter : The official method for nicotin is rather long and tedious and gave 
unsatisfactory results, which, I believe, were due to the extraction with ether. The 
silicotungstic acid method is very satisfactory in manipulation and in giving closely- 
agreeing duplicates. We did not succeed with the Lloyd method. I am sending 
a few of the results obtained by this method, not for you to report them, but to give 
you some idea of our work, and possibly later in the season we may be able to try it 
out again. Certainly the method looks good, and if it can be used, it will be a great 
time saver. 

<S. D . Averitt: Used Lloyd's reagent and washed gasoline in analyzing the two 
solutions by the Lloyd method. My experience as well as that of Mr, Shedd, leads 
us to the conclusion that the consistency of the paste is the main point in the extrac- 
tion. The paste should be so stiff that it is just on the point of crumbling for the 
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Determination of nicotin. 


SUBSTANCE AND ANALYST 

KIBBLING 

METHOD 


fGBTIC ACID 
rHOD 

1 Igmtod 

LLOYD 

METHOD 

powder: 

per cent 

per cent 

per cent 

percent 

H. H. Morgan, Delaware 

0.965 

1.44 

1.47 

1.07 


0.940 

1.44 

1.47 

0.97 


0.965 

1.51 

1.52 

1.04 



1.49 

1.55 




1.45 

1.48 




1.46 

1.46 


Average 

0 957 

1.47 

1.49 

1.03 

A. K. Anderson, Minnesota 




— 





■ffM 





■iff 

Average 




1.17 

E. L. Griffin, Washington, D. C 


1 

1.42 




BMP! 

1.44 


Average 



1.43 


0. B. Winter, Michigan 

1.24 


1.27 

1.12 


1.30 



0.86 



■ 


0.86 



BBS 


0.56 

Average 

1.27 

1.32 

1.27 

i 

M. R. Miller, California 

1.19 

1 39 








Average 

1.19 

1.39 



R. C. Roark, Washington, D. C 


1.48 

1.43 


Average 


1.51 

1.50 

1.44 

1.44 







SOLUTION NO. 1 : 





H. H. Morgan 

39.62 

41.29 

40.94 

41.01 


38.96 

41.12 

40.98 

40.84 


39.47 

41.13 

40.49 

40.19 



40.72 

40.28 




41.09 

40.77 




41.15 

40.92 


Average 

39.35 

41.08 

40.73 

40.68 

E. L. Griffin 


40.82 





40.80 



Average .. 


40.81 









1 Results too discordant to average. 
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Determination of nicotin. — Continued . 



SOLUTION NO. 1:— Continued c * nt V*cent percent percent 


O.B. Winter 41.46 41.42 41.18 37.71 

41.42 41.23 

41.14 

41.12 


Average 41.46 41.42 41.17 37.71 


M.R. Miller 41.60 40.96 41.11 40.10 

41.40 40.90 

41.02 


Average 41.50 40.96 41.11 40.10 


8. D. Averitt, Kentucky 


Average 

W. B. Ellett and W. G. Harris, Virginia 

Average 

R. C. Roark 



40.82 

40.89 

40.90 

40.87 

40.86 

40.98 


40.89 

41.19 


41.04 

40.92 

41.06 


Average 


40.92 40.99 


41.17 

40.84 

40.82 

40.94 


40.27 


40.27 


SOLUTION NO. 2: 

H. H. Morgan 16.14 16.00 16.21 15.70 

16.42 15.99 15.96 

16.14 15.90 16.93 

16.32 15.97 

16.44 16.64 

16.66 16.69 

Average 16.14 16.33 16.23 16.20 


O.B. Winter 16.92 16.74 16.86 

16.86 16.76 


Average 16.92 16.80 16.81 

M.R. Miller 16.76 16.80 

16.72 16.75 


Average 16.74 16.78 15.99 
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Determination of nicotin . — Concluded. 


SUBSTANCE AND ANALYST 

KISSLING 

METHOD 

SILICOTUNGSTIC ACID 
METHOD 

1 

LLOYD 

method 


Ignited 

.solution no. 2— Continued 

S. D. Averitt 

per cent 

per cent 

per cent 


Average 













17.67 

W. B. Ellett and W. G. Harris 


16.26 

16.36 

16.20 

16.14 

16.70 

Average 







16.27 

16.87 

16.65 

16.42 

16.58 

16.79 


R. C. Roark 


Average 




16.76 

16.69 






Theoretical « 16.42. 


first two or three extractions. It may then be thinned with a few drops of water. 
In this almost crumbly condition of the magma the extractant can be made to reach 
perfectly every part of the mass and five or six extractions are usually sufficient. 

H. H. Morgan: In Lloyd’s method for nicotin the indicator used, an aqueous 
extract of litmus, proved very unsatisfactory, the end point not being sharp. In 
the silicotungstic acid method (b) a considerable amount of the precipitate was 
washed through the filter (S. & S. 589 blue ribbon). Possibly this could be avoided 
by reducing the amount of precipitate, or by using a wash stronger in acid. 

M . R . Miller: Of the methods used, the one which gave the best satisfaction 
was the silicotungstic acid method. The Kissling method gives trouble in the 
final titration using cochineal as indicator as it is found that the end point when 
nicotin is present in the solution is obscure and difficult to decide upon. In the 
Lloyd method which was submitted the preparation of the sample for titration is 
much more cumbersome than that of the method of Bulletin 102, of Bureau of Plant 
Industry, and in the final titration, there is nothing gained by the use of litmus (azo- 
litmin in this laboratory) as an indicator, the end point in this case being even more 
obscure than that obtained when cochineal is used in the Kissling method. In the 
silicotungstic acid method, there is less chance for the personal equation to affect 
the results and consequently the results should be found to be more uniform when 
given by different workers. 

The results by the silicotungstic acid check very closely, and almost 
all of the cooperators who tried all the methods expressed their preference 
for this method. It is very accurate and is preferable in many ways to 
the other methods. It is recommended that this method be adopted 
as an official one, and that the precipitate of nicotin silicotungstate be 
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ignited rather than dried at 125°. The ignition method is quicker, and 
in general, more accurate. 

The referee cannot see any advantage in the Lloyd method for the 
determination of nicotin as regards quickness, and it certainly is not to 
be compared in accuracy with the silicotungstate method. It is recom- 
mended, therefore, that no further work be done on it. 

It should be said that the directions for the Lloyd method as sent out 
by the referee aimed to overcome the difficulties encountered in using 
this method as published in Bureau of Chemistry Bulletin 56, pages 114 
to 115, which was tried out by the association in 1898 and again in 1902 
(Bur. Chem. Bui. 81, p. 203), and found to be inaccurate. Although the 
modifications introduced seem to have improved the method, still it is 
far from being satisfactory and in view of the greater accuracy and adapt- 
ability of the silicotungstate method the necessity for the Lloyd method 
is not apparent. 

RECOMMENDATIONS. 


It is recommended — 

(1) That Method I for total arsenious oxid in Paris green, as described 
on pages 25 to 26, Bureau of Chemistry Bulletin 107, Revised, be changed 
as described in Method I, page 445 of this report. 

(2) That Methods II and III for total arsenious oxid in Paris green 
(Bur. Chem. Bui. 107, Rev., pp. 26-27) be discarded. 

(3) That Methods II and III for total arsenic in Paris green, pages 
445 to 446 of this report, be adopted as official. 

(4) That the method for the determination of moisture in Bordeaux 
mixture, as described on pages 436 to 437 of this report, be adopted as 
provisional. 

(5) That the method for the determination of carbon dioxid in Bordeaux 
mixture, as described on page 437 of this report, be adopted as official. 

(6) That the electrolytic method for the determination of copper in 
Bordeaux mixture, as described on page 437 of this report, be adopted 
as official. 

(7) That the thiosulphate titration method for the determination of 
copper in Bordeaux mixture, as described on page 448 of this report, 
be adopted as an optional official method. 

(8) That the method for moisture in Bordeaux-Paris green, as described 
on page 437 of this report, be adopted as provisional. 

(9) That the method for carbon dioxid in Bordeaux-Paris green, as 
described on page 437 of this report, be adopted as official. 

(10) That the method for water-soluble arsenious oxid in Bordeaux- 
Paris green, as described on page 438 of this report, be adopted as 
provisional. 
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(11) That the distillation method for the determination of total arsenic 
in Bordeaux-Paris green, as described on page 438 of this report, be 
adopted as official. 

(12) That the methods of C. M. Smith and C. C. Hedges for the de- 
termination of total arsenious oxid in Paris green, as described on page 446 
of this report, be made optional official methods for the determination of 
total arsenious oxid in Bordeaux-Paris green. 

(13) That the electrolytic method for the determination of copper in 
Bordeaux-lead-arsenate, as described on page 438 of this report, be made 
an official method for the determination of copper in Bordeaux-Paris green. 

(14) That the thiosulphate titration method for the determination of 
copper in Bordeaux-Paris green, as described on page 450 of this report-, 
be made an optional official method. 

(15) That the method for moisture in Bordeaux-lead arsenate, as 
described on page 438 of this report, be adopted as provisional. 

(16) That the method for the determination of carbon dioxid in Bor- 
deaux-lead arsenate, as described on page 438 of this report., be adopted 
as official. 

(17) That the method for water-soluble arsenic oxid in Bordeaux-lead 
arsenate, as described on pages 438 to 439 of this report, be adopted as 
provisional. 

(18) That the electrolytic method for the determination of copper in 
Bordeaux-lead arsenate, as described on page 438 of this report, be adopted 
as official. 

(19) That the method for the determination of lead oxid in Bordeaux- 
lead arsenate, described on page 438 of this report, be adopted as official. 

(20) That procedure (b) of the silicotungstate method for the determi- 
nation of nicotin, as described on page 439 of this report, be adopted 
as official. 

(21) That no further work lx? done on the Lloyd method for the de- 
termination of nicotin. 

(22) That the cooperative work on insecticides for next year comprise 
a study of the following: 

(a) Methods for the determination of As* * * and As v in the presence of 
each other and in the presence of one or more of the following: lead, 
copper, zinc, and calcium. 

(b) A method other than an electrolytic one for the determination of 
copper, lead and arsenic in a Bordeaux-lead arsenate mixture. 

(c) Methods for the determination of the principal ingredients in zinc- 
arsenic compounds alone and in combination with Bordeaux mixture. 

The honorary president, H. W. Wiley, made a short address to the 
association, touching upon the effects of the war in Europe on science 
and agriculture in this country, especially on the supply of potash needed 
for our soils. 
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REPORT ON WATER. 

Bt W. W. Skinner (Bureau of Chemistry, Washington, D. C.), Referee. 

The results of the codperative work on the determination of strontium 
which were reported in 1912 and 1913 were so unsatisfactory, the results 
being uniformly low, that the referee for last year suggested that a critical 
study of the method be made. In view of the results obtained it was 
decided to be inadvisable, therefore, to undertake further codperative 
work until some conclusion could be reached as to the cause or causes for 
the low results. The method which has been used in the codperative work 
heretofore for the separation and determination of calcium and strontium 
is that of Stromeyer-Rose as modified by Hillebrand. Briefly, it is the 
precipitation of strontium and calcium as oxalates, washing with cold 
water, igniting and weighing the mixed oxids, converting the oxide into 
nitrates, digestion of the nitrates with an ether alcohol mixture, filtering 
off the solvent containing the calcium nitrate, converting the strontium 
into sulphate and weighing. The calcium being obtained by difference 
by subtracting the calculated weight of strontium oxid from the weight 
of the mixed oxids. 

While the results for strontium which have been reported by this 
method have been uniformly low the calcium which has been obtained by 
difference has generally agreed very well with theory, indicating that the 
loss in strontium is probably due entirely to the solubility of the oxalate. 
The solubility of calcium oxalate which has been pretty fully determined 
by Holleman, Eohlrausch, and others and later by Richards, McCaffry 
and Bisbee, is slight, being of the order of 0.4 mg. of calcium in 200 cc. of 
cold water, the maximum amount of wash ordinarily used in analysis, and 
0.9 mg. in water at 95°C. This solubility is sufficiently small to be of no 
very great significance in ordinary analytical work. The same, however, 
is not true of strontium oxalate which according to Kohlrausch is soluble in 
water at 18° to the extent of 4.6 mg. per 200 cc. expressed as strontium and 
to the extent of 6.6 mg. per 200 cc. at ordinary temperature, as reported 
by Treadwell. 

In order to understand better the significance of the effect of the solu- 
bility of strontium oxalate it was thought advisable to check these results 
under actual working conditions as the method is ordinarily employed 
and also to test the effect of various wash solutions with the object of 
reducing the solubility to the lowest possible point. Solutions of calcium 
and strontium salts were prepared and very carefully standardized. For 
purposes of comparison it was thought advisable to treat calcium oxalate 
with the same wash solutions which it was proposed to use for strontium 
oxalate. In each series the following wash solutions were used: 200 cc. 
of cold water; 200 cc. of hot water; 200 cc. of water charged with carbon 
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dioxid; 200 cc. of 1 per cent ammonium oxalate solution; 200 cc. of 1 per 
cent ammonium hydroxid solution. 

Since some distilled water contains considerable carbon dioxid it was 
suggested that it might influence the solubility of the oxalates, hence the 
reason for using this wash. The maximum solubility of calcium oxalate 
in any of these solutions was 1.2 mg. calcium when hot water was used, 
which is probably high since the average of four determinations was only 
0.5 mg. per 200 cc. Even this slight solubility was materially reduced, 
however, when a 1 per cent ammonium oxalate solution was substituted 
for hot water in the washing of the oxalate precipitate, the maximum 
solubility being 0.1 mg. per 200 cc. while in two of the four experiments 
the result was zero. 

The precipitated strontium oxalate was washed in the same manner 
using the five solutions named above. The greatest solubility was noted 
for hot water, the maximum being 10.4 mg. of strontium per 200 cc. of 
wash water. A maximum of 8.3 mg. was obtained when cold water was 
used as prescribed in the method which shows that the solubility of stron- 
tium oxalate is of such an order as to cause very serious discrepancies in 
the results obtained by the method when used for the separation of 
relatively small amounts of strontium from large amounts of calcium. 
The solubility of strontium oxalate in a wash of 1 per cent ammonium 
oxalate solution was found to be very much less than it is when cold water 
is used, the maximum being 2.1 mg. with an average of 1.1 mg. The 
solvent effect of the 1 per cent ammonium hydroxid solution seemed to be 
quite as great as cold water. These preliminary results indicate that the 
substitution of a 1 per cent ammonium oxalate solution for washing the 
mixed oxalates would add very materially to the accuracy of the method 
by reducing the loss due to the solubility of strontium oxalate as well as 
exert a favorable influence on the determination of calcium. 

For the purpose of checking the determination of calcium the method 
suggests the advisability of determining calcium in the ether alcohol 
mixture used for the separation of the calcium and strontium nitrates. 
It has been found, however, that the results by this “ direct” method are 
invariably low and this is true even when the results by the “ indirect ” 
method give figures for calcium which are in practical agreement with 
theory. It was thought that possibly the small amount of solvent pre- 
scribed in the method for digesting the dried nitrates, namely, 3 to 5 cc. of 
ether alcohol mixture, was not sufficient to remove all of the calcium 
nitrate. A number of experiments were therefore run using various 
amounts of ether alcohol mixture from 5 to 40 cc. The loss expressed in 
terms of calcium varied from 1.6 mg. when 5 cc. of solvent were used to 
2.3 mg. when 40 cc. were used, indicating that the quantity of solvent used 
in digestion was not the factor upon which the error depends. It seems 
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evident, however, from the results that a single extraction with ether 
alcohol is not sufficient where a high degree of accuracy is desired but 
that it is necessary after washing to redissolve in water the dried precipi- 
tate of strontium nitrate, contaminated with small amounts of calcium 
nitrate, evaporate to dryness, and extract again with the ether alcohol 
solution. 

As a result of this preliminary work it is suggested that the method for 
the separation and determination of calcium and strontium be modified 
by substituting a solution of ammonium oxalate for the cold water pre- 
scribed in the present method for washing the mixed oxalates and that at 
least two extractions of the mixed nitrates with the ether alcohol solvent 
be made, instead of one as prescribed in the present method. 

The matter is referred to the referee for next year for further study. 

REPORT OF COMMITTEE ON AVAILABILITY OF PHOSPHORIC' 
ACID IN BASIC SLAG. 

By C. B. Williams (Agricultural Experiment Station, Raleigh, N. C.), 

Chairman. 

Since the last meeting of the association, the committee has held one 
meeting at which the different phases of the work now in progress were 
thoroughly discussed. 

The inauguration of the work, of necessity, has been slow chiefly be- 
cause of the difficulty in getting the soil, selected for the investigations, 
thoroughly exhausted of phosphoric acid, and to a less extent in finding 
the land, selected for the field work, to show a lack of uniformity during 
the preliminary stages of the work to such an extent that in some cases 
new fields had to be selected for carrying on the investigations. It is 
thought best by the committee, in consideration of these facts, to reserve 
the data which it now has in hand from some of those cooperating in the 
investigations, to present later with such recommendations as seem 
justified by the results, when more results and fuller reports have been 
received. 

There are cooperating in the field experiments seven station workers 
and in the pot culture investigations eleven workers. The committee 
has up to this time received four preliminary field reports and seven 
reports from those cooperating in the pot culture experiments. 

During the coming year, the committee expects to prosecute the work 
aggressively and hopes to make a final report, as soon as all the experi- 
ments have been completed. 

William Frear, chairman of the Committee on Food Standards, reported 
that since there had been appointed a committee to cooperate with other 
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committees on food definitions it seemed practical to drop the old com- 
mittee on food standards. A motion that this committee be discharged 
was carried by the association. 

REPORT OF COMMITTEE TO CpOPERATE WITH OTHER 
COMMITTEES ON FOOD DEFINITIONS. 

By William Freak (Agricultural Experiment Station, 

State College, Pa.), Chairman. 

An advisory committee composed of one member from each committee 
of three has held meetings and assigned to each member of the joint 
committee subjects for study, as evaporated milk, asafetida, cereal 
preparations, and iodin solutions. Grade standards have been con- 
sidered but as yet no action has been taken. Certain difficulties are 
commonly urged against minimum standards which a well-devised sys- 
tem of grade standards would remedy; the responsibilities and the 
monetary values involved are great. All sides of each question must be 
considered as decisions should not be too theoretical or unfair to manu- 
facturers where slight changes might lead to greater expenditures than 
are for the good of the public. The committee is down to careful work 
and good cooperation and is establishing fundamental facts. 

No report was made by the chairman of the Committee on Editing 
Methods of Analysis. 

REPORT OF COMMITTEE ON THE STUDY OF VEGETABLE 

PROTEINS. 

By Thomas B. Osborne (Agricultural Experiment Station, New 
Haven, Conn.), Chairman. 

When my appointment as chairman of the Special Committee on Study 
of the Vegetable Proteins was announced to me by the secretary he told 
me that it was the idea of the association that I should plan the work and 
have it done by others. I was also to appoint two other members of the 
committee. 

As Mr. Alsberg and I had already discussed many of the problems 
involved in a comprehensive study of the vegetable proteins I asked him 
to join me on this committee and to arrange for further consideration of 
the work to be done. As it was manifestly impracticable to undertake 
any laboratory work on this subject during the present year it was not 
thought necessary to appoint a third member. It was agreed that work 
in this difficult field of research should not be begun until some means 
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could be found whereby it could be conducted under conditions that 
would assure its continuation for a sufficient time to enable those engaged 
in the work to acquire skill and experience in the methods of isolating and 
separating the proteins from one another, and in the various methods 
employed in studying their properties. When such experience has been 
gained it is believed that a large number of the commercially important 
seeds should be carefully investigated as of the proteins of many of these 
we have at present no knowledge whatever. These studies should be 
further extended to the proteins of other parts of plants which are used as 
food, and of which, as yet, there is no information available. 

The importance of such knowledge is becoming every day more evident 
since the study of the relative nutritive value of the few proteins which 
are available for comparison is revealing wide differences in their nutritive 
value. We can no longer be content to estimate the food value of vegetable 
products by simply determining their content of protein nitrogen since 
the relative proportion of the amino-acids which these yield determines 
to a very large extent their value in nutrition. 

Future progress in the study of many important problems in animal, 
as well as human, nutrition demands that our knowledge of the individual 
proteins in the different materials used for food be greatly extended. 
To do this will require a great deal of patient and laborious work, which 
can be done only by those trained in this special field. There are very 
few men in this, or any other, country who have had experience in ex- 
tracting, purifying and studying vegetable proteins, and it will be neces- 
sary to train from the beginning most of those who are to take part in 
such studies. To properly and effectively conduct such work will cost 
more than most experiment stations will probably be willing, or able, to 
devote to it. It has seemed to us, therefore, a subject which the Bureau 
of Chemistry was best able to take up, and a very suitable line of research 
for it to follow\ 

Mr. Alsberg and I have agreed to cooperate in attempting to organize 
work along these lines, but are not willing to begin until the right men can 
be secured to undertake it. This has been found difficult, and as a con- 
sequence we cannot now report any definite plans that are being actually 
put in operation. We hope, however, that our efforts will sooner or later 
meet with success and that before long an extensive study of the vege- 
table proteins will be begun. 

In view of the peculiar difficulties presented by an effective study of 
the vegetable proteins we do not consider that this subject is one that can 
be dealt with successfully by cooperative work by the association. We 
recommend that the special committee appointed to report on the study 
of the vegetable proteins be discontinued, but that all the members of the 
association give their support to work in this field whenever suitable means 
are found for properly undertaking it. 
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C. L. Alsberg gave a short supplemental talk, on the need of the iso- 
lation and hydrolysis of proteins present in seeds and of laying a foundation 
for feeding and nutrition work. He stated that since it seemed best for 
this work to be carried on in the Bureau of Chemistry, the subject has 
been taken up with the Secretary of Agriculture and a small item under 
biological investigations inserted in the appropriation. The work is 
being organized in the Bureau and it is hoped that a number of papers 
on vegetable proteins may be ready for the next meeting. 

An invitation was extended by C. B. Lipman to the association to hold 
the 1915 meeting in San Francisco or Berkeley. After the president 
read the list of cities and organizations sending invitations, the motion 
that the association meet in 1915 in San Francisco or general vicinity at a 
date agreeable to other scientific associations, was carried. On the 
afternoon of the following day, R. N. Brackett made the resolution which 
was seconded by E. W. Magruder that the next place of meeting be recon- 
sidered and made a new motion that the meeting be held in Washington. 
After discussion by B. B. Ross and H. C. Lythgoe showing how much 
more work is accomplished when the meetings are held in Washington, 
the new motion for Washington as the next meeting place was carried. 

No report was made by the chairman of the Committee of Review of 
the Analysis of Lime Sulphur Solutions. 


The meeting adjourned at 4.30 p.m. for the day. 



SECOND DAY. 

TUESDAY— MORNING SESSION. 

REPORT ON FOOD ADULTERATION. 

By Julius Hortvet (State Dairy and Food Department, St. Paul, 

Minn.), Referee. 

The work of the present season has been characterized by the comple- 
tion or rounding out of several lines of investigation which have been 
under way during the past two years. An unusual number of the associ- 
ate referees have brought their work to such a satisfactory state that 
definite recommendations may be made for final adoption of methods 
or for further study along well-defined lines. The reports submitted tend 
in the main to indicate a continued interest in the work and purposes of 
this association; there have been prompt and fairly complete returns 
from the collaborators and adequate outlines or full reports from the 
associate referees in ample time for consideration before the date of this 
meeting. Details of the results accomplished will be fully presented as 
the referees ’ reports are read, but it may be appropriate to refer briefly 
to a few salient features of these reports. 

An important advance has been made in the development of the uranyl 
acetate and ammonium molybdate polarization methods for determining 
malic and tartaric acids in fruit juices, jellies, sirups, and other fruit 
products. In the case of malic acid the associate referee proposes a general 
method applicable to fruit products and other substances, and also 
recommends the further study of a modified method for citric acid which 
involves a new principle discovered by L. W. Andrews. Working on this 
principle, it is promised that a very simple procedure can be developed 
for the estimation of citric acid. 

The referee on flavoring extracts has confined the work of the present 
year to a comparative study of various methods for determining essential 
oil in extracts of anise, cassia, cinnamon, clove, nutmeg, peppermint, 
spearmint and wintergreen. The relative merits of the various methods 
which have been proposed in recent years are quite adequately shown up 
on the part of half a dozen experienced collaborators. The chief diffi- 
culties attending the analysis of such extracts as peppermint, clove and 
nutmeg, it is believed, have been finally overcome, and the associate 
referee is able to make definite recommendations to the association, which, 
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if favorably considered, will add several new methods which are now 
recognized as having established value. 

An examination of the reports received on heavy metals reveals impor- 
tant progress toward the perfection of methods for the accurate determi- 
nation of such heavy metals as lead, arsenic, and tin. The so-called modi- 
fied- Gutzeit Method for arsenic has been carefully tried out under various 
conditions and three important methods for estimating tin have been 
subjected to critical study. The work on lead has been carried out by 
the associate referee on baking powdar and baking powder materials. 
No collaborators have assisted in this work during the past year, but the 
associate referee reports that he has now perfected the modified pro- 
cedure of Seeker and Clayton in such form as to be prepared to subject 
the method to a careful collaborative study with a view to final adoption 
at the next meeting. It is also definitely proposed that methods for copper, 
zinc, nickel and aluminum be made new subjects for study during the 
coming year. 

The work of the associate referee on colors has been devoted chiefly 
to the study of the separation and identification of the coloring matters 
naturally occurring in fruits. The outline of the work submitted indicates 
a large amount of original painstaking investigation, and the report on 
colors is an excellent illustration of the importance of assigning subjects 
to specialists in various lines and of the great necessity that one man be 
allowed ample time in which to develop and complete his investigation 
of the subject under his charge. When the scheme proposed by the associ- 
ate referee on colors has been perfected and is available for general labora- 
tory use, our equipment for routine examinations of foods and other 
products will be greatly increased. 

The associate referee on saccharine products has taken up a line of 
investigation which when completed will serve a good purpose. The work 
of this season has consisted of a study of nine methods for the detection 
of artificial invert sugar in honey. Samples were submitted to eight 
collaborators and results which have been received very materially aid 
us in arriving at a conclusion respecting the relative merits of the different 
methods, some of which are virtually modifications of the original Fiehe’s 
test. Some of these tests will be eliminated as a result of the work of the 
present year, and it remains to be seen which of the nine methods 
now under consideration will survive after an additional year’s careful 
examination. 

In connection with the work on wine it may be confidently stated that 
the associate referee has succeeded in bringing details of the method pro- 
posed by Hartmann and Eoff to such a stage that it will be possible to con- 
sider favorably its adoption at the present meeting. By means of two im- 
portant modifications, one of which consists in an important change in 
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the manner of using the indicator during titration, the method is brought 
into such a form that analysts may place increased reliance upon the 
results obtained for tartaric acid. 

The work of the associate referee on preservatives has followed out the 
recommendations approved by the association at its. last Ineeting, and 
has been confined to the collection of further data concerning the occur- 
rence of formic acid or what appears to be this substance in natural 
products, and to a study of the influence of possible interfering substances 
upon the Fincke determination and the relative value of qualitative tests. 
This work has been conducted without the assistance of collaborators, 
but the referee has gone into the subject to such a thorough extent that 
the association will be presented with results which may be regarded as 
amply establishing the limits of formic acid naturally occurring in various 
kinds of products. It is believed that the work of the collaborators of 
last year upon the Fincke method justifies recommending this method for 
provisional adoption. The referee is not prepared to recommend a qualita- 
tive test which can be considered reliable in the hands of inexperienced 
analysts, and recommends that the association take up a study of quan- 
titative methods for estimating saccharin. 

The work on oils and fats has been devoted to the study of two impor- 
tant methods for detection of phytosterol in mixed animal and vegetable 
fats. This is a subject which has not heretofore been under investigation 
by this association, and it is satisfactory to note not only that it has been 
deemed advisable to undertake this work, but also that the report of the 
associate referee reaches conclusions which are of value. Of the two 
methods which have been subjected to comparison, it may be stated that 
no choice has developed between the two as respects accuracy, correct 
conclusions being reached by all collaborators, but that the so-called 
digitonin method while having advantage of simplicity and convenience, 
has the disadvantage of requiring an expensive reagent which is not 
easily obtained. The present Bureau of Animal Industry method, while 
requiring more time and labor, has been found to be decidedly superior 
to our present official method. Both methods are recommended for 
adoption as provisional. 

The report of the referee on inorganic phosphorus in vegetable and 
animal tissues is a valuable contribution to the program of this meeting. 
The work has been carried out entirely in the laboratory of the associate 
referee, but results are nevertheless ample and conclusive, perhaps in 
many respects more satisfactory than could possibly be obtained by a 
number of collaborators working separately. As regards the results 
obtained on animal substances, conclusions point favorably to the adoption 
of the magnesia mixture method of Forbes and associates for determination 
of water-soluble inorganic phosphorus. This portion of the work is in 
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very satisfactory shape and appears to bring to a conclusion the very 
careful work which has been carried out during the past three or more 
years on this subject. While it is recommended that a method be adopted 
for animal substances, the referee has come to the conclusion that the 
work on inorganic phosphorus in vegetable substances be dropped. 

The referee on dairy products has carried out the recommendations of 
this association in respect to the study of the method, with modifications, 
which was proposed for final adoption at this meeting. A dozen col- 
laborators assisted in the work, and results seem to be ample in so far as 
they reveal the fact that we are confronted with certain difficulties which 
have not heretofore been fully realized. Of the three samples submitted 
to the collaborators, two were condensed milk products, sweetened and 
unsweetened, and it is chiefly in connection with results on these two 
kinds of products that the trouble has been disclosed. Comparative 
tests were carried out by the official Roese-Gottlieb method, and the results 
by this method are equally disappointing and tend to further magnify 
the importance of a special study of methods for determining fat in 
evaporated milk. Conversation and correspondence with chemists and 
manufacturers has increased the realization that we are in urgent need of 
a thorough investigation on this subject. Results reported at the meet- 
ing of 1913 on samples of milk, cream and ice cream were fairly satis- 
factory and pointed favorably toward a conclusion of the work during 
the past season. Assuming that reliable uniform samples were submitted 
to the collaborators, and we have every reason to rely on that assumption, 
it is impossible to conclude otherwise than that there are peculiar diffi- 
culties attending the accurate determination of fat in evaporated and 
condensed milk. Certain processes incident to manufacture, added to 
which is the recent introduction of the homogenizer by a large number of 
manufacturers, doubtless cause important changes in the constitution 
of these products to such an extent that there are unusual difficulties in 
separating the fat from the other ingredients by any of the methods with 
which we are now acquainted. It is, therefore, recommended that this 
subject be given special study during the coming year. 

Satisfactory as the work of the past season has turned out to be, we 
have been nevertheless hampered by an unfortunate state of affairs 
respecting the publication of our proceedings. This condition has existed 
or has been in existence more or less seriously for a number of years. 
You will recall that the published proceedings of the 1912 meeting were 
not in evidence until the opening day of our session a year ago, and as I 
am writing this there is much doubt whether we are to see anything at all 
of the proceedings of the meeting of 1913. Respecting this last supposition, 
however, it matters little in so far as it affects the real situation; whether 
we are to be favored with a copy of our last year’s proceedings or not, the 
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general unsatisfactory conditions still confront us — we are not kept 
adequately in touch with our work from year to year, there is a conse- 
quent lag in our interest, and this unbusinesslike state of affairs can but 
reflect unfavorably on this association as a progressive organization. 
It is safe to venture the prediction that the members of this association 
would be well pleased with at least one publication annually, and in the 
main, all would be well satisfied if such a publication of proceedings could 
be depended on to make its appearance within six months after the con- 
vention. The work of this association is important; all chemists who 
have in the past twenty years been in close touch with the State and 
Federal work in its various branches need no assurances on that point; 
in fact, all will insist that our work is essential, not only in the interest 
of the public welfare, but also in the interest of ourselves professionally. 
No association has worked more disinterestedly for the promotion of 
things purely scientific or with greater zeal and self-sacrifice for the cause 
of pure products and high standards of quality. We are, as a matter of 
fact, vitally a part of the official work of every State in the Union, and con- 
stitute an essential factor in more than one department of the Federal 
service. Every State chemical laboratory, whatever its departmental 
connection, has a vital interest in the development from year to year 
of the studies being carried on and the results reported by this association. 
With these facts in mind, may we not readily sec a solution of the problem 
before us? It may or may not be a legal obligation on the part of any of 
the States or of any Federal bureau or department to make good the 
deficiencies which hamper our work, but all interests involved can 
doubtless be assembled in such shape as to formulate a plan whereby we 
can all rest assured of the continuance of our association as an official or 
at least in a serious sense, a quasi-official organization, and thereby 
provide also the necessary means to insure the regular and prompt ap- 
pearance of our printed proceedings. It is the urgent wish of your referee 
that this subject be taken up at this meeting with a view to an early 
practical arrangement whereby we may rest assured in the future regard- 
ing the proper care of such publications as are deemed essential to our 
work. 

Furthermore, year by year our work has before it a definite purpose; 
we naturally like to see our results from time to time brought into definite 
form, stripped of nonessentials, and brought down to date. We have on 
our hands a mass of old matter that it would seem pleasant to discard, 
methods that are obsolete, data that should be revised or entirely thrown 
out. Bulletin 107, Revised, is now old; there are six years since its publi- 
cation, probably seven or eight years since its compilation; and this con- 
stitutes a long period of time as we are in the habit of measuring time in 
terms of chemical events. All of us, whether beginners, independent 
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investigators, or more or less confirmed followers of routine, habitually 
refer to the Official and Provisional Methods of Analysis; in a sense it is 
not only our duty as official chemists but it is also often a legal necessity. 
We have thumbed the leaves of Bulletin 107 so often that its pages have 
begun to stale, yet we hold no sacred views respecting a document that 
is so old as to be in many features out of date or at worst a relic of earlier 
ideals and habits of thought. We are now in a mood to demand a revision 
of 107, Revised — better, in fact, to require a complete new compilation 
which shall embody not only all that is good and permanent in the publi- 
cation now in print, but also all that has been well tried out and finally 
adopted by the association during the past six years. It is hoped that 
such revision or rather compilation is now well under way; and that a 
new bulletin of official methods of analysis will be in our hands at an early 
date. Therefore, as a second recommendation, I would urge that this 
association consider the question as to progress now being made on a 
compilation to date of our official provisional methods of analysis to super- 
sede Bulletin 107, Revised, and that we arrange at this meeting a definite 
plan whereby the work may be carried out to completion at an early date, 
and whereby the expense of publication may be satisfactorily met. 

REPORT ON COLORS. 

By W. E. Mathewson (Bureau of Chemistry Food and Drug Inspec- 
tion Laboratory, New York, N. Y.), Associate Referee. 

The cooperative work on colors for the past three or four years has been 
confined chiefly to the coal tar dyes. These being of well understood 
chemical nature the analysts have had at their disposal much reliable 
information concerning the properties of the individual substances and 
one of the main problems has been the selection of the characteristics 
best suited for practical analytical work. By the use of immiscible 
solvents, supplemented in a few cases by chemical methods, it would 
seem that most dye mixtures likely to be met may be separated satis- 
factorily and their identification completed by well-investigated reactions. 

This year it was hoped that similar methods might be extended to the 
commonly-occurring natural coloring matters. These present more 
difficulty because of the limited solubility in organic solvents of many of 
them, their frequent occurrence in admixture with one another and 
especially because of the lack of much exact knowledge concerning them. 
After some experimental work by the associate referee, however, it seemed 
that little would be gained by sending out samples for analytical investi- 
gation by methods now in use whose limitations are already known, and 
a circular letter was sent to the collaborators stating this and expressing 
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the hope that any new data might be published or be communicated to 
the other analysts through the associate referee as soon as possible. 

The experimental work just mentioned failed to bring out distinctions 
sufficiently marked to be of use in analysis between the coloring matters 
of a number of common fruits, authentic samples of the juices of cherries, 
blackberries, raspberries, currants, grapes and huckleberries having been 
kindly furnished for this work by H. C. Gore of the Bureau of Chemistry. 
These coloring matters, though extracted in relatively small amount by 
amyl alcohol from acid solutions, were found to be rather readily changed 
by heating with dilute hydrochloric acid, substances similar in color re- 
actions but much more soluble in amyl alcohol being formed. These 
derived colors were obtained fairly free from other substances by treat- 
ment of the fruit juice with excess of neutral lead acetate solution (practi- 
cally all coloring matter was thrown down), washing the precipitate with 
water several times by centrifuge until sugar, etc., were removed, solution 
of the coloring matter by treatment of the precipitate with 10 per cent 
hydrochloric acid, and extraction of this solution with amyl alcohol to 
remove substances directly taken up by this solvent. 

The hydrochloric acid solution was then boiled a few minutes and 
finally again shaken out with amyl alcohol. The new coloring matter 
formed by hydrolysis of the glucosid was then extracted in large pro- 
portion and the amyl alcohol solution was freed from hydrochloric acid, 
lead chlorid, etc., by washing four or five times with water. 

This plan of separation offered the advantage that it could be incor- 
porated with work already done, giving a qualitative method for separat- 
ing these colors from all those not changed in solubility by warming with 
acids (especially the coal tar dyes). The coloring matters obtained, how- 
ever, were very similar or identical in their behavior toward reagents 
tried. The red amyl alcohol solutions when shaken with caustic soda 
solution in absence of air gave up the color to the aqueous layer in all 
cases forming deep green solutions almost instantly becoming brown in 
the presence of oxygen. The spectra of the red solutions showed a diffuse 
absorption band in the greenish yellow, those of the green solutions a 
much more sharply-defined band in the orange red. 

Recently R. Willstaetter 1 has carefully investigated the coloring mat- 
ters of a number of common fruits and flavors. In general he has found 
them to consist of glucosids (anthocyans) that on warming with acids 
break down into new coloring matters (anthocyanidins) and sugar, etc. 
The anthocyanidins form blue phenolic salts with alkalies, red oxonium 
salts with acids. The facts brought out in this research will be of great 
value in the development of analytical methods. 

i Sitsungberichte der Kflniglich Preussichen Academic der Wissenschaften, 1914, 
p. 402. 
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Bearing on the analysis of coal tar dye mixtures, work by Kehrmann, 
Havas and Grandmougin 1 has indicated that a number of common 
basic dyes containing completely alkylated amino groups (for example, 
methyl violet, methylene blue) suffer rearrangement from the ortho- 
quinoid to the para-quinoid form on treatment with alkali, this being 
accompanied by a splitting off of an alkyl group. When such dyes, 
therefore, are separated from mixtures by shaking out their alkaline 
solutions with ether, etc., the original coloring matter may not be ob- 
tained on treatment with acid, but a lower alkylated derivative. 

Go wing-Scopes* has recently studied the solubilities of a large number 
of coal tar dyes in the newer chlorhydrocarbons that have become of 
technical importance. Tetrachlor- and pentachlorethane and di-, tri-, 
and tetrachlorethylene were investigated in their relation to 45 dyes 
(as well as a large number of other substances) and separations based on 
extraction of the dry coloring matters are indicated. The dyes are de- 
scribed by trade names which in some cases are rather indefinite. 

It is recommended that the investigation of methods for the separation 
and identification of the important natural coloring matters be continued 
by the association. 

REPORT ON SACCHARINE PRODUCTS. 

By F. L. Shannon (State Analyst, Lansing, Mich.), Associate Referee. 

Detection of Artificial Invert Sugar in Honey. 

The work during the last year consisted of a study of the methods for 
the detection of artificial invert sugar in honey. A review of the literature 
revealed the fact that numerous tests have been proposed for this purpose, 
some of which are modifications of old tests while others are distinct tests 
in themselves. They are all color reactions and depend upon the presence 
of furfural or furfural derivatives. In the past, various workers have 
commented on the reliability of various tests. It seems that there are 
more or less confusion and contradictory statements in regard to the differ- 
ent tests, some claiming that one test is perfectly reliable for the detection 
of artificial invert sugar in honey, while others claim that the same test is 
unreliable, the consensus of opinion, however, being that there is no single 
test that can be depended upon unless supplemented by further work. 

It was, therefore, attempted in this work to select only those tests fthich 
had met with the greatest success in the hands of others. Nine of the most 
common tests were selected and instructions sent out to the collaborators 
along with the samples. 

» Ber. d. chem. Ges., 1913, 46: 2131, 2802; 1914, 47: 1881. 

•Analyst, 1914, 89: 4. 
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PREPARATION OF SAMPLES. 

Six samples were prepared as follows: 

Sample A: Pure honey. 

Sample B : Pure honey + 5 per cent commercial invert sugar. 

Sample C: Pure honey + 20 per cent commercial invert sugar. 

Sample D : Pure honey + 50 per cent commercial invert sugar. 

Sample E: Pure honey + 5 per cent Herzfeld sirup. 

Sample F: Pure honey + 20 per cent Herzfeld sirup. 

The commercial invert sugar was obtained on the open market. 

The Herzfeld sirup was prepared in this laboratory following the method 
of Herzfeld: 1 “One kilogram of refined sugar is heated with 300 cc. water 
and 1.1 gram of tartaric acid to boiling and maintained at this temperature 
until the solution acquires a golden yellow color (one-half to three-quarters 
of an hour). 

COLLABORATORS. 

The following seven collaborators who took up this work, sent in reports: 
Julius Hortvet (Guy A. Parkin, analyst), St. Paul, Minn.; C. E. Warri- 
ner, Fort William, Ont.; Miss N. A. Childs, Lansing, Mich.; W. C. Geagley, 
Lansing, Mich.; W. S. Hubbard, Ann Arbor, Mich.; N. B. Lawrence, 
Ann Arbor, Mich.; F. L. Shannon, Lansing, Mich. 

INSTRUCTIONS TO COLLABORATORS. 

To each sample submitted apply the following tests: 

1. fiehe’s original test (Analyst 1908, 33 : 397). 

Reagent. — Dissolve 1 gram of resorcinol in 100 cc. of hydrochloric acid (1.19). 
Redistilled ether. 

Manipulation . — One gram of honey is rubbed down in a mortar with ether. Filter 
off ether and evaporate. Moisten the residue with one drop of the reagent. 

Results. — In the presence of artificial invert sugar an orange red color is developed, 
changing to cherry red and then to brown red. Pure honeys sometimes give a pink 
coloration. Note color after standing 10 minutes and again after standing 24 hours. 

2. heinhardt’s modification of fiehe’s test (Analyst, 1910, 36 : 434). 

Reagent. — Use 25 per cent hydrochloric acid instead of 38 per cent as in 1. 

Manipulation. — Same as in 1. 

Results. — Same as in 1. 

3. halphen’s modification of fiehe’s test (Chem. Abst. 1911, 6: 2124). 

Reagent. — 0.02 gram of resorcinol dissolved in a mixture of 2 cc. of dehyrated 
ether, 25 cc. of absolute alcohol and 3 cc. of hydrochloric acid.* 

Manipulation. — Same as in 1. 

Results. — Halphen says that his reagent does not give a carmine color with as 
many flavors as the orignal Fiehe reagent. 


1 Bur. Chem. Bui. 110, p. 64. 
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4. hartman’s modification of fiehe’s test (Chem. Abst., 1912, 6: 1787). 

Reagent . — Same as in 1. 

Manipulation . — Add 2 drops of the reagent directly in 1 gram of the honey in a 
porcelain dish. 

Results . — If artificial invert sugar is present a cherry red color appears the same 
as in the original test. Natural honeys give the reaction after standing about 45 
minutes. 

5. Bryan’s modification of fiehe’s test (But. Chem. Bui. 154, p. 15) • 

Reagent . — Same as in 1. 

Manipulation. — Place 10 cc. of a 50 per cent honey solution in a test tube and run 
in 5 cc. of ether on top. Shake contents vigorously and allow to stand for some 
time until ether layer is perfectly clear; transfer 2 cc. of this clear ether solution to 
a small test tube, and add a large-sized drop of the resorcin solution. Shake and 
note the color immediately. 

Results . — In the presence of artificial invert sugar the drop of acid in the bottom 
assumes immediately an orange-red color, turning to a dark red. 

6. brown’s anilin acetate test (Bur. Chem. Bui. 110, p. 68). 

Reagent. — (freshly prepared) . To 5 cc. of c.p. anilin add 5 cc. of water. Add suffi- 
cient glacial acetic acid (2 cc.) to clear the emulsion. 

Manipulation. — To 5 cc. of a concentrated solution of honey (1 : 1) in a test tube 
add 1 to 2 cc. of the anilin reagent. Allow the latter to flow down the walls of the 
test tube to form a layer. 

Results. — In the presence of artificial invert sugar a red ring forms at the junction 
of the two liquids. 

7. feder’s anilin chlorid test (Analyst, 1911, 36: 586). 

Reagent. — (freshly prepared). To 100 cc. of c.p. anilin add 30 cc. of 25 per cent 
hydrochloric acid. 

Manipulation. — 5 grams of the honey are mixed directly in a porcelain dish with 
2.5 cc. of the anilin reagent. 

Results. — Bright red color indicates artificial invert sugar present. The inten- 
sity of the color is proportional to the amount present. 

8. benzidin acetate test (Analyst, 1913, 38: 20). 

Reagent. — Dissolve pure benzidin in dilute acetic acid to a saturated solution. 

Manipulation. — 2 grams of the honey are dissolved in 10 cc. of water and 1 cc. 
of the filtered reagent. 

Results. — Artificial honey gives an intense yellow coloration. The depth of color 
is proportional to the amount present. 

9. B'NAphthol test, littershied (Analyst, 1913, 38: 217). 

Reagent.— 88 to 90 per cent sulphuric acid. Redistilled ether. 

Manipulation. — Stir 20 grams of honey with 10 cc. of ether, decant and repeat 
extraction. Transfer ethereal extracts to porcelain dish containing a crystal of 
B-Naphthol. Treat residue with 5 cc. of the acid. Add acid carefully so that 
it flows over whole surface of residue. 

Results. — If honey contains artificial invert sugar a Bordeaux red or blue violet 
coloration will appear within 30 minutes. Natural honey gives a dirty yellow color. 
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Give your conclusions as to the purity of these samples, from the various tests 
you make on them. Give your opinion as to which ones are adulterated, if any, 
and which ones are pure, if any. 

Before submitting the samples and the tests to the various collaborators, 
the tests were carried out by the associate referee on five samples of pure 
honey obtained from authentic sources. In the following instead of re- 
porting the sample as negative or positive, I have indicated the color change 
that took place. 


DESCRIPTION OF SAMPLES. 

Sample 1 . — Light colored honey gathered in 1913 from clover: extracted 
with a powder extractor in the cold; flavor good. 

Sample 2 . — Light colored honey, slightly .granular, gathered in 1913 
from clover; extracted with a power extractor in the cold; flavor good. 

Sample S. — Light colored honey, gathered in 1913 from clover; extracted 
with power extractor in the cold; flavor good. 

Sample 4 . — Dark colored honey, gathered in 1911 from buckwheat and 
heartsease; flavor poor, similar to sorghum. This sample it will be noted 
has a tendency to give all the reactions for invert sugar. No doubt 
due to its age, traces of furfural or furfural derivatives have formed. 

Sampled . — Dark colored honey, gathered in 1913 from golden rod; 
extracted in cold; flavor fair. 


Results on pure honey. 


SAMPLE NO 

ORIGINAL FIEHE TEST 

( 10 minutes to 24 hours) 

reinhardt's modifi- 
cation 
(25 PER CENT 
HYDROCHLORIC ACID 

(10 minutes to 24 hours) 

halphen's 

MODIFICATION 
(ETHER SOLUTION) 

(10 minutes to 24 hours) 

HARTMAN *8 
MODIFICATION 

(10 minutes to 24 hours) 

1 ... 

■» 

Faint 

No 

Faint 

No 

No 

Faint 

Cherry 



pink 

change 

pink 

change 

change 

pink 

red 

2.... 

mmm 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

3 .... 


Do 

Do 

Do 

Do 

Faint 

pink 

Do 

Do 

4.... 

i 

Pink 

Faint 

pink 

Pink 

Do 

No 

change 

No 

change 

Do 

5 .... 

No 

change 

Faint 

pink 

No 

change 

Faint 

pink 

Do 

Faint 

pink 

Do 

Do 


SAMPLE 

NO. 

bryan's 

MODIFICATION 

brown’s ANILIN 
ACETATE TEST 

1 

No 

No 


change 

change 

2 

Do 

Do 

3 

Do 

Do 

4 


Faint 



red 

5 

No 

No 


change 

change 


fBDER’s ANILIN 
CHLORID TEST 

BENZIDIN 
ACETATE TEST 

B-NAFHTHOL 

TE8T 

Faint 

No 

Dirty 

pink 

change 

yellow 

Do 

Do 

Do 

Do 

Do 

Do 

Faint 

Faint 

Faint 

red 

yellow 

violet 
on edges 

Faint 

No 

Dirty 

pink 

change 

yellow 
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C. E. Warriner 
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W. C. Geagley 

W. S. Hubbard 

N. B. Lawrence 

F. L. Shannon 

SAMPLE b: 
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G. A. Parkin 

O. E. Warriner 1 

N. A. Childs 

W. C. Geagley 
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Conclusions as to purity of samples . 


ANALYST 

SAMPLE 

A 

SAMPLE 

B 

SAMPLE 

C 

SAMPLE 

D 

SAMPLE 

E ! 

. 1 

SAMPLE 

F 

Julius Hortvet and G. A. 

Parkin 

C. E. Warriner 

Pure 

Adulterated 

Adulterated 

Adulterated 

Adulterated 

Adulterated 

N. A. Childs. 

W. C. Geagley 

W. 8. Hubbard 

N. B. Lawrence 

Pure 

Do 

Do 

Adulterated 

Doubtful 

Pure 

Adulterated 

Do 

Pure 

Adulterated 

Do 

Do 

Adulterated 

Do 

Do 

Adulterated 

Do 

Do 

F. L. Shannon 

Pure 

Adulterated r 

Adulterated 

Adulterated 

Adulterated 

Adulterated 


COMMENTS OF COLLABORATORS. 

Hortvet and Parkin: Test 1 . — Not very characteristic when invert sugar is present 
in small amounts. The color that the reagent takes on serves to hide the results. 

Test 9. — The reagent must be freshly prepared and when so prepared seems more 
sensitive to small amounts of invert sugar than reagent 1 

Test 8. — A delicate test, but the intensity of the reaction is about the same on 
Samples B, C, D, and E, although somewhat greater on Sample F. 

Test 4. — Offers a variety of carmine shades, which confuses one when deciding 
on the amount of invert sugar present. The test requires immediate observation. 

Test 6 . — Much trouble was experienced with the formation of an ether emulsion. 
The test did not give as decisive result as 7, 8, or 9. 

Test 6 . — Gave very poor results, no ring coloration developed for about five min- 
utes and then only a faint and unsatisfactory result. 

Test 7. — Seems to be a more conclusive and satisfactory result than any of the 
first six. The intensity of the color would seem to correspond closely with the 
per cent of invert sugar present. 

Test 8 . — Seems to be a good test. The shades of yellow vary with amount of in- 
vert sugar present. 

Test 9. — Appears to be very sensitive to amount of invert sugar present. 

N. A. Childs: From the above tests, it is my opinion that A is a sample of pure 
honey; B probably contains a very small percentage of adulterant, D, C, E, and F 
are adulterated, the percentage of adulteration being much higher in D and F than 
in C and E. 

W . C. Geagley: Sample B gave results that were questionable in all tests but 
Halphen’s, Hartman’s and Feder’s, in which cases the reaction was clear and dis- 
tinct. In all other tests there would be a question as to the purity of this sample 
since pure honey sometimes reacts slightly. Sample F contains the largest amount 
of invert sugar, C next, E next, and D next; B contains a very small amount, if 
any. A is pure honey. In Bryan’s modification of Fiehe’s test, I find that an emul- 
sion forms when ether is added to the 50 per ce.nt honey solution and shaken that will 
not break up. By shaking gently this can be overcome to some extent. 

W. S. Hubbard: I considered D, E and F to be adulterated and prefer Hartman’s 
modification of Fiehe’s test. 


DISCUSSION. 

It is quite evident from the reports that artificial invert sugar can 
readily be detected by most workers when it is present in amounts of 20 
per cent or over. When the amount is only 5 per cent, however, some 
difficulty is experienced. It also seems that the nature of the adulterant 
has something to do with the possibility of its detection. But very little 
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difficulty was experienced in detecting the 5 per cent Herzfeld sirup in 
Sample E, while the majority were doubtful as to the presence of an 
adulterant in Sample B, although they both contained only 5 per cent of 
the adulterant. This, I believe, can be explained by the fact that the 
Herzfeld sirup was made by heating, while the commercial invert sugar 
was no doubt made in the cold. This fact would also explain the discrep- 
ancy in the reports where the depth of color has been used as a basis of 
judgment for the amount of artificial invert sugar present. It would 
seem that one cannot use the depth of color as a guide to the amount of 
adulterant present. 

Comparing the original Fiehe's reaction with the various modifications, 
the only advantage gained by any of the modifications seems to be in the 
keeping qualities of the reagent. The original Fiehe's reagent turns dark 
on standing and masks the reaction, although with some experience this 
feature does not seem to interfere. Some workers have recommended 
that Fiehe's reaction should be permanent after 24 hours in order to draw 
positive conclusions, although it must be remembered that samples of 
pure honey will give a pink coloration on standing. This appears to be a 
good recommendation, as three obtained positive reactions in Sample B. 

Bryant modification of Fiehe's test seems to have been quite satis- 
factory in the hands of the collaborators. Three report a positive reaction 
on Sample B, one doubtful, and three negative. Some difficulty is ex- 
perienced with the ether emulsion in this test. 

Hartman's reaction must be observed immediately to be of any value 
as a pink color develops in 10 minutes and cherry red in 24 hours on pure 
honey. 

Brown's anilin acetate test gave good results although this reaction 
cannot be depended upon when the adulterant is less than 5 per cent. 
Four report negative results with this test on Sample B, while three report 
doubtful results. 

Feder's anilin chlorid test develops a faint pink color on pure samples, 
although after standing for sometime this disappears. The red color 
developed in the presence of invert sugar is very pronounced. Three 
report positive with this test, one doubtful and three negative on Sample B. 

The benzidin acetate test and the B-Naphthol test do not seem to have 
been very satisfactory when the adulterant was only 5 per cent. But 
one reported a positive reaction with the former test and only two with the 
latter. 


RECOMMENDATIONS. 

It is recommended — 

That the work be continued for another year, studying the tests which 
proved the most satisfactory in the hands of all the collaborators, (1) 
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The original Fiehe test allowing the color to develop for 24 hours; (2) 
Hartman’s modification of the Fiehe test, noting the color immediately 
after the addition of the reagent; (3) Bryan’s modification of Fiehe’s 
test, changing the word “vigorously” to “gently;” (4) Feder’s anilin 
chlorid test: with a view to adopting these as provisional methods in 1915. 


REPORT ON FRUITS AND FRUIT PRODUCTS. 

Br H. C. Gore (Bureau of Chemistry, Washington, D. C.), Associate 

Referee . 1 

ESTIMATION OF MALIC ACID IN FRUIT PRODUCTS. 

The work reported last year formed the ground work for further de- 
velopment of the uranyl acetate method of estimation of malic and tar- 
taric acids, and indicated that a new polarimetric method for the esti- 
mation of the two acids, using ammonium molybdate instead of uranyl 
acetate as the activating agent, was in sight. 

In addition to the conditions necessary for the successful use of uranyl 
acetate laid down by Yoder, and those for use of ammonium molybdate 
indicated by the writer, L. W. Andrews found the time of standing after 
mixing to be an important factor, and that exposure to daylight must be 
avoided particularly in case of tartaric acid. In the case of malic acid 
it is possible to state a general method widely applicable to fruit products 
and other substances. Two reagents are used in separate solution. 
Uranyl acetate gives polarizations to the left, ammonium molybdate to 
the right. Well-agreeing results are usually obtained. 

Estimation of tartaric acid using the named reagents has not been 
worked out. The situation is here more complicated than in the case of 
malic acid. 

GENERAL METHOD FOB MALIC ACID APPLICABLE TO FRUIT JUICES, JELLIES, 
SIRUPS, AND OTHER FRUIT PRODUCTS, PBOBABLT INCLUDING 
VINEGARS AND WINES. 

Determine the amount of free acid present by titrating a portion of the sample 
with standard alkali and calculate the weight of solid barium hydroxid required to 
nearly neutralize the free acid. 

Add to 25 cc. or 25 grams of sample 2} to 3 volumes of 05 per cent alcohol; this 
will precipitate the pectins. With jellies and heavy sirups special precautions 
have to be observed to prevent loss of malic acid due to imperfect solution of the 
sample in alcohol or to imperfect washing. Filter off the precipitate with suction 
and wash well with 05 per cent alcohol. To the filtrate add sufficient powdered 
barium hydroxid to nearly neutralize the acidity. Stir until reaction is complete 


‘ Read by M. G. Mastin. 
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and then add three to five drops of an aqueous barium acetate solution containing 
50 grams in 100 cc. or more if required, for the purpose of providing an excess of 
barium. Make up the solution to about 375 cc. with 95 per cent alcohol and digest 
on the steam bath until the precipitate settles readily after being stirred. Filter 
with suction in a cup-shaped filter and wash well. Dry the precipitate thoroughly, 
digest with hot water and make up after cooling to 100 cc. This amount of water 
is sufficient to dissolve barium malate up to amounts as large as approximately 
0.9 gram per 100 cc. Filter and treat separate portions of 25 cc. each as described 
later. 

To this point the method is adapted from part of a method given in a preceding 
report, 1 there designated as the Yoder method. In its present form it is the result 
of the work of M. G. Mastin, of the Bureau of Chemistry. He finds this procedure 
applicable to fruit products containing considerable coloring matter and even to 
those containing tartaric acid. Where citric acid is present in addition to malic 
acid, as in orange juice, the results were somewhat higher by the molybdate than by 
the uranyl acetate method. 

URANYL ACETATE PROCEDURE. 

Prepare a solution of uranyl acetate, UCMCjHaO^^HjO, containing 33.966 grams 
per liter of the pure salt. The uranium content of the salt should be determined 
(by ignition to U 8 0 8 ), and if it is a little below the theory (56.18 per cent), a cor- 
respondingly greater amount of the acetate is to be taken. If it is several per cent 
too low, a purer material should be obtained. 

Mix 25 cc. of this solution with 25 cc. of the solution of malic acid to be tested, 
which should be neutral or faintly acid, and should not contain more than 1 gram 
in 100 cc. of malic acid. Keep in the dark for at least five or preferably ten hours 
before the final readings are made. Polarize in a 200 mm. tube at or near 20°C., 
using white light and the bichromate cell. Table 1 gives the concentration of malic 
acid in the solution polarized : 

TABLE 1. 


Grams of malic acid per 100 cc. corresponding to optical rotatory power in Ventzke 
degrees , in presence oj uranyl acetate. 


°\\ 

MALIC ACID 

DIFFERENCE 

•V. 

MALIC ACID 

DIFFERENCE 

tOO mm. 

grams per 100 cc. 


tOO mm. 

grams per 100 cc. 


1 

0.039 

0.035 

9 

0.316 

0.034 

2 

0.075 

0.035 

10 

0.350 

0.034 

3 

0.110 

0.035 

11 

0.384 

0.034 

4 

0.145 

0.035 

12 

0.418 

l 

0.034 

5 

0.179 

0.034 

13 

0.452 

0.034 

6 

0.214 

0.034 

14 

0.486 

0.034 

7 

0.248 

0.034 

15 

0.519 

0.034 

8 

0.282 

0.034 





1 Bur. Chem. Bui. 162, pp. 65-66. 
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AMMONIUM MOLYBDATE PROCEDURE. 

Prepare a solution of ammonium heptomolybdate, (NH 4 )*Mo 70 3 4 . 4 HaO, contain- 
ing 172.8 grams per liter of molybdenum trioxid. For this 212 grams of the pure 
salt are sufficient, but more or less of the salt at hand may be required according to 
purity and content of water of crystallization. Also prepare a solution containing 
300 grams of acetic acid per liter. 

Mix 20 cc. of the above solution of ammonium molybdate with 25 cc. of the solution 
of neutralized malic acid to be examined, in a 50 cc. flask, make up the volume with 
the solution of acetic acid, and allow to stand in the dark for about 4 hours. Polar- 
ize as directed above. Table 2, worked out by Andrews, gives the concentration of 
malic acid corresponding to the polarization : 

TABLE 2. 


Rotations of malic acid in ammonium molybdate solutions. 
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TABLE 2.— Concluded. 


# v 

MALIC ACID 



MALIC ACID 

DIFFERENCE 

900 mm. 

grama per 100 cc 


900 mm. 

grama per 100 cc. 


41 

0.955 

0.022 

66 

1.526 

0.022 

42 

0.879 

0.022 

67 

1.549 

0.022 

43 

1.001 

0.022 

68 

1.572 

0.022 

44 

1.024 

0.022 

69 

1.595 

0.022 

45 

1.047 

0.022 

70 

1.616 

0.022 

46 

1.070 

0.022 

71 

1.640 

0.022 

47 

1.092 

0.022 

72 

i 

i 

1.663 

0.022 

48 

1.115 

0.022 

73 

1.686 

0.022 

49 

1.138 

0.022 

74 

1.708 

0.022 

50 

1.161 

0.022 

75 

1.731 

0.022 

51 

1.184 

0.022 

76 

1.754 

0.022 

52 

1.207 

0.022 

77 

1.777 

0.022 

53 

1.229 

0.022 

78 

1.800 

0.022 

54 

1.252 

0.022 

79 

1.822 

0.022 

55 

1.275 

0.022 

80 

1.845 

0.022 

56 

1.298 

0.022 

81 

1.868 

0.022 

57 

1.321 

0.022 

82 

1.891 

0.022 

58 

1.344 

0.022 

83 

1.913 

0.022 

59 

1.366 

0.022 

84 

| 

1.936 

0.022 

60 

1.389 

0.022 

85 

1.958 

0.022 

61 

1.412 

0.022 

86 

1.982 

0.022 

62 

1.435 

0.022 

87 

2.004 

0.022 

63 

1.458 

0.022 

88 

2.027 

0.022 

64 

1.481 

0.022 

89 

2.050 

0.022 

65 

1.503 

0.022 

90 

2.073 

0.022 


This method was sent out with samples to a number of collaborators. A sum- 
mary of the results of the work of several is given in the following table: 
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TABLE 3. 


Determination of malic acid in fruit juices. 


ANALYST 

CI DEB 

PEACH JUICE 

Uranyl 

acetate 

Ammonium 

molydate 

Uranyl 

acetate 

Ammonium 

molybdate 


per cent 

per cent 

per cent 

per cent 

A.W. Broomell, Washington, D.C 

0.60 

0.530 

0.74 

0.74 

0.60 

0.530 

0.71 

0.82 


0.60 

0.550 

0.77 

0.82 

M.G. Mastin, Washington, D.C 

0.60 

0.616 

1.07 

1.10 

0.60 

0.616 

1.07 

1.03 

1.10 

1.09 


ESTIMATION OF CITRIC ACID. 

Up to the present time no wholly satisfactory method of estimating 
citric acid is known, despite the fact that much attention has been given 
to the problem. Andrews made a discovery which leads to a new method. 
At the suggestion of the writer, he tried the effect of the presence of 
citrates on the polarizations of malic acid in presence of acetic acid and 
salt of molybdic acid. It was expected that where less molybdate was 
present than enough to combine with both acids, lowerings of the readings 
would be observed in consequence of the fact that the molybdenum 
would be partitioned between the two oxyacids. This, Andrews found to 
be the case. He found, however, that when more than sufficient molyb- 
denum was present for both acids, large increases in polarizations were 
observed over the increases which occurred with malic acid alone. Mastin 
later finds that this observation is probably specific for citric acid. Sodium 
salts of succinic, lactic and aconitic acids produced no effect on the molyb- 
denum malic acid polarizations. This observation of Andrews was 
promptly developed by him into a method using, however, sodium molyb- 
date, a somewhat unusual reagent. He found that the polarization in- 
creases due to citrates did not vary directly with the amounts present 
but that the variations were, however, regular, and he constructed curves 
from which the amounts present of citric acid could be determined, using 
appropriate solutions containing sodium molybdate, sodium malate, and 
free acetic acid. If the solutions, to be tested already contained malates, 
the amounts present could be estimated from the polarizations with uranyl 
acetate, and necessaryadditional amounts could then be added so that the 
solutions contain the required amount of malic acid. Mastin is now work- 
ing out the procedure for estimation of citric acid, using ammonium 
molybdate. For the assay of citrates and citric acid, a very simple pro- 
cedure can undoubtedly be developed. In fruit products the method will 
necessarily be more complicated. 
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RECOMMENDATIONS. 

It is recommended — 

(1) That the proposed methods for malic acid be provisionally adopted 
by the association, and that the referee for the coming year be instructed 
to develop these methods further. 

(2) That the method for the estimation of citric acid by the use of a 
solution containing ammonium molybdate, sodium malate, and acetic 
acid, be further studied. 


REPORT ON WINE. 

By B. G. Hartmann (Bureau of Chemistry Food and Drug Inspection 
Laboratory, Chicago, 111.), Associate Referee. 

This year’s work on wine was devoted to a further study of the methods 
for determining tartaric acid in wines and grape juices. The work was 
planned in accordance with the resolutions on the subject adopted at the 
last meeting of the association. 

The following instructions to the collaborators show the purpose and 
scope of the plan: 

INSTRUCTIONS TO COLLABORATORS. 

DETERMINATION OF TARTARIC ACID IN PRODUCTS CONTAINING FREE 

PHOSPHORIC ACID. 

The three solutions submitted for this year’s work on tartaric acid contain vary- 
ing amounts of tartaric acid and phosphoric acid. In order that products similar 
to those found in the market might be had, sugar, alcohol and coloring were added 
to the solutions. The solutions are marked 1, 2 and 3. It is suggested that the 
total tartaric acid be determined in each of the solutions, according to (1) The 
bulletin method, described on page 86 of Bulletin 107, Revised; (2) method proposed 
by Hartmann and Eoff, one-half neutralized; (3) method proposed by Hartmann 
and Eoff, completely neutralized. 

Before starting the work, it is suggested that collaborators read “Proposed 
Method for the Determination of Tartaric Acid Content in Wines and Grape Juicc8, ,, 
Bulletin 162, page 71. 

PRELIMINARY PROCEDURE. 

Although no precipitate is expected to occur in the solutions, it seems advisable, 
as a precautionary measure, to filter before proceeding with the determinations. 

Determining the acidity of the samples . — The indicator to be used is prepared by 
thoroughly mixing in a mortar 0.5 gram of phenolphthalein and 50 grams of sodium 
sulphate. Into the cavities of a spot plate, place about 0.1 gram of the indicator. 
Measure 20 cc. of the sample into a 250 cc. beaker and titrate in the cold with tenth- 
normal sodium hydroxid until a few drops spotted on the indicator give a purple 
tint. It is essential, in order to get a good, clean end point that during spotting 
none of the indicator is carried into the solution undergoing titration. Place the 
indicator to one side of cavity and allow the drops to run into the indicator. It 
will be found that the red color of the sample does not interfere and that, with a 
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little practice, a very satisfactory end point is obtained. This indicator is especi- 
ally adapted to phosphoric acid. It has been found that phosphoric acid solutions 
may be accurately titrated, giving sodium di-acid phosphate. The collaborators 
are requested to give special attention to the behavior of this indicator, since it has 
been found that its use is applicable to a wide range of deeply-colored products. In 
case difficulty is experienced with this indicator, it is suggested that any other means 
of arriving at the acidity of the samples be used. 

Express the acidity in terms of tartaric acid per 100 cc. 1 cc. N/10 NaOH » 0.0075 
gram tartaric acid. 

DETERMINATION OF TARTARIC ACID. 

(1) Bulletin method. — Transfer 50 cc. of the solution at 20°C. to a 250 cc. beaker, 
add 50 cc. of distilled water, and follow procedure described on page 86 of Bulletin 
107, Revised, using 20 cc. of alcohol instead of 15 cc. 

(2) Method proposed by Hartmann and Eoff (one-half neutralized). — Transfer 
50 cc. of solution at 20°C. to a 250 cc. beaker; add required amount of normal sodium 
hydroxid to neutralize one-half of the acidity; add enough water to make 100 cc. 
Proceed as in bulletin method, omitting the addition of potassium acetate and using 
20 cc. of alcohol instead of 15 cc. 

(3) Method proposed by Hartmann and Eoff (completely neutralized). — Transfer 
50 cc. of the solution at 20°C.to a 250 cc. beaker and add required amount of normal 
sodium hydroxid to just neutralize the acidity of the 50 cc. solution used and add 
enough distilled water to make 100 cc. ; add pure tartaric acid; pulverize the tartaric 
acid and dry at 100°C. for 2 hours. Keep in a glass stoppered bottle in a desiccator. 
The amount of tartaric acid to be added is found by multiplying by 0.075 the num- 
ber of cubic centimeters of normal sodium hydroxid used to neutralize the 50 cc. 
sample. Weigh this amount exactly. When the tartaric acid is dissolved proceed 
as in bulletin method, omitting the addition of potassium acetate and using 20 cc. of 
alcohol instead of 15 cc. Subtract the tartaric acid added from the total tartaric 
acid found by titration. This gives the actual amount of tartaric acid present in 
the 50 cc. sample taken. 

It is, of course, necessary to multiply the figures obtained in the different deter- 
minations by 2, in order to get the amount of tartaric acid contained in the solutions. 

Instead of allowing the reaction mixture “to stand at room temperature for at 
least 15 hours,” as given in the bulletin method, hold for this time at a temperature 
not exceeding 15°C. 


The following is the composition of the three solutions in grams per 
100 cc.: 


DBTEBM1NATION 

l 

2 

3 

Acid, as tartaric 

4.92 

2.52 

1.96 

Total tartaric acid 

2.00 

1.80 

1.89 

Phosphoric acid 

1.91 

0.48 

0.048 

Caramel 

1.2 

1.2 

1.2 

Amaranth 

0.024 

0.024 

0.024 

Cane sugar 

5.0 

5.0 

5.0 

Alcohol 

5.0 

5.0 

5.0 



RESULTS OF COLLABORATION. 

The following are the results obtained by the collaborators on the three 
solutions: 
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Analytical results on tartaric acid in three solutions. 


SOLUTION AND COLLABORATOR 


DATE ACID AS 

ANALYZED TARTARIC 


TOTAL TARTARIC ACID 


Method 1 Method 2 Method 3 


SOLUTION 1: 

B. G. Hartmann 


4.89 

7/20/14 4.91 

4.91 


E. H. Berry 8/12/14 


J. R. Eoff 8/24/14 4.80 


R. C. Kent. 


M. J. Ingle 

solution 2: 

B. G. Hartmann. 


8/26/14 


10/30/14 


7/20/14 


E. H. Berry 8/12/14 


J. R. Eoff.. .. 


8/24/14 


R. C. Kent . . 

M. J. Ingle. . . 
solution 3: 

B. G. Hartmann 


8/26/14 


10/30/14 


7/20/14 


E. H. Berry. 


J. R. Eoff 


8/12/14 { 


8/24/14 


R. C. Kent. 


8/26/14 


M. J. Ingle 10/30/14 
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NOTES BY THE COLLABORATORS. 

E . //. Berry .—I found it necessary to break the filter paper up as much as possible 
before titrating the tartaric acid as the paper holds the acid. The indicator was 
found to be very satisfactory. In highly-colored solutions where with phenol- 
phthalein solution it is practically impossible to detect the end point , with the indi- 
cator used in this work, it is possible to detect it to within 0.1 or 0.2 of a cubic centi- 
meter of tenth-normal alkali. 

B . G. Hartmann .— -The indicator proposed for this work is very satisfactory. 
It was found that the addition of a few cubic centimeters of alcohol to the mixture 
undergoing titration helps materially. The alcohol allows a better and more uni- 
form penetration into the indicator during spotting. Also it was found that if the 
indicator is too fine, the penetrating power is decreased to such an extent that great 
difficulty is experienced in spotting. 

M.J. Ingle . — For ordinary routine work the half-neutralized method seems to be 
practicable enough, especially in cases where the addition of tartaric acid is not 
needed to help the precipitation. A procedure found to be of help in making the end 
reaction on the tile plate more easily visible, was to put an equal amount of the 
anhydrous sodium sulphate alongside of the indicator in the same depression. Then, 
by allowing the drop of solution to wet both portions of the powder, the contact 
between the sulphate blank and the indicator renders it more sensitive. To those 
having difficulty in using an inside indicator in the dyed-bitartrate solution, it 
was found practicable to concentrate the color from this solution on wool intro- 
duced into it. By previously boiling and washing this wool any acidity present is 
eliminated. Then by allowing the aqueous solution of the bi tartrate precipitate 
to stand on the water bath for an hour or so with an excess of the washed wool, the 
color is removed. Titrate with the wool in the beaker. 

R. C. Kent . — The indicator is very good for titrating highly colored solutions. 
The end point is easily distinguished with 0.1 cc. tenth-normal sodium hydroxid. 

DISCUSSION. 

The reports by the various collaborators show that the bulletin method 
is entirely unreliable and useless in cases where free phosphoric acid is 
present. Two of the collaborators report no tartaric acid in Solution 1 
when the bulletin method was used. This is undoubtedly the true result 
obtained by adhering literally to the instructions issued. The bulletin 
method calls for one minute of stirring to start crystallization of potas- 
sium acid tartrate. In a solution containing a high amount of free phos- 
phoric acid, this time of stirring is too short to start precipitation. That 
the other collaborators found tartaric acid in Solution 1 is due to the fact 
that longer time of stirring was used. 

Methods 2 and 3 (Hartmann and Eoff, one-half neutralized and com- 
pletely neutralized) although giving fairly good results, are far from 
satisfactory. That these methods did not give better results is due to 
the well known fact that alcohol and tartaric acid combine to form esters 
and this esterification is further augmented by the phosphoric acid content 
which acts as a catalizer. The esters form rapidly and increase with time, 
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as will be seen from the report, causing a gradual decrease in tartaric acid 
found, from 0.2 to 0.3 gram in 3 months. 

For the purpose of saponifying the esters, 50 cc. of each of the solutions 
were neutralized with sodium hydroxid and 3 cc. of normal sodium hydro- 
oxid added in excess, and the solution allowed to stand overnight. The 
volume was then made up to 100 cc. with water, the required amount of 
tartaric acid added, and the determination proceeded with as described 
under Method 3. This procedure gave the following results: 


Total tartaric acid (grams per 100 cc.) 


SOLUTION 

CONTAINED 

B. 0. HARTMANN 

J R. 

EOFK 

8/20/14 

10/17/14 

10/26/14 

1 

2 00 

888 
Cl <N Cl 


2.05 

1 2.08 
12.09 

2 

1 80 

. 

1 78 
1.77 

1 1.79 J 


1.83 

/ 1.84 

1 1 82 

3 

1.89 

[1.88] 
1.89 ! 
[ 1.89, 


1 92 

f 1.89 
\ 1.89 


From these results it appears that in order to arrive at the true total 
tartaric acid content in alcoholic mixtures, saponification of esters must 
precede the final determination. In order to verify these findings, it was 
suggested to J. R. Eoff to apply the procedure to the solutions. His 
results agree very well with the results obtained by the association referee 
and are given in the above table. 

The reports on the behavior of the proposed indicator are very encourag- 
ing. From experiments made with it, there can be no doubt that its use 
is of unlimited application in work on highly-colored organic acid solutions. 
Experiments with the indicator on phosphoric acid solutions of known 
content gave excellent results, the end point being very sharp when the 
solution undergoing titration was kept cold. 

RECOMMENDATIONS. 

It is recommended — 

(1) That the following method for determining the total tartaric acid 
content in solutions containing free mineral acids or alcohol be subjected to 
further study: Neutralize the acidity with sodium hydroxid and add 3 cc. 
of normal sodium hydroxid in excess. Allow to stand overnight and add 
the required amount of tartaric acid (0.075 gram for every cubic centi- 
meter of normal sodium hydroxid added). After the tartaric acid has 
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dissolved, add 2 cc. of glacial acetic acid and 15 grams of potassium 
chlorid. When the salt has gone into solution, add 20 cc. of alcohol 
and stir until precipitation sets in. Allow to stand overnight at a temper- 
ature not to exceed 15°C. Collect the crystals and titrate in the usual 
manner. 

(2) That the indicator described be tried on other food products. 

MARASCHINO. 

By J. G. Riley and A. L. Sullivan. (Bureau of Chemistry 
Food and Drug Inspection Laboratory, Boston, Mass.). 1 

The world-famed cordial, maraschino, was first manufactured commerci- 
ally early in the eighteenth century in Zara, Dalmatia, from the marasca 
cherry, a small variety of the European wild cherry native to the Dalmatian 
mountains. The manufacture of this cordial has continued to the pres- 
ent day and large quantities of maraschino are still shipped from Dal- 
matia. The superior excellence of maraschino led to the manufacture of 
similar cordials in the countries of Italy, France, Holland, and America. 

The purpose of this paper is to set forth analyses of ten samples of genu- 
ine maraschino, representing the products of six manufacturers, obtained 
through the courtesy of the American Consul at Trieste, Austria, and 
Mr. Nicolo Luxardo. Analyses of commerical samples of maraschino 
manufactured in Holland, France, and the United States are also tabulated. 

METHODS OF MANUFACTURE. 

In Dalmatia during the month of June, marasca cherries are gathered 
and shipped to Zara. For the manufacture of the best grade maraschino 
the cherries are pitted, crushed, and allowed to ferment for 4 or 5 days 
with a small quantity of leaves from the marasca cherry tree; from 10 to 
15 per cent pure alcohol is then added to arrest fermentation and to pre- 
vent the development of wild yeasts and bacteria. One of the objects 
of adding alcohol to the fermented cherries is to enable the manufacturer 
to distill the product at his leisure throughout the year. If the fermented 
cherries are allowed to stand any length of time there is danger of serious 
deterioration in the flavorand aroma of the product, especially when alcohol 
has not been added. The fermented cherries do not yield sufficient alco- 
hol for proper preservation of the mass. 

Simple pot stills are used exclusively in the distillation of maraschino 
spirit and these in most cases are heated by direct fire, although at the 
present time the use of stills heated by steam coils is being introduced. 
The type of the still, however, remains practically the same as the original 
pot still. The first and last portions of the distillate are rejected for the 

* Read by C. S. Bratton. 
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best grades of maraschino, and a portion of a distillate coming over at 
about 140 proof collected. The strong alcoholic distillate is stored either 
in glass-lined barrels or cisterns, or in barrels which have been treated so 
that the spirit will not extract any color from them. The aim of the 
manufacturer is to age the distillate when possible for from two to three 
years. The maraschino cordial as found on the market is made by dilut- 
ing a certain amount of the strong maraschino spirit with sirup. There 
is some question as to whether any flavoring materials other than the 
cherries and leaves are used. The best manufacturers claim to use no 
artificial flavor. Lower grades of maraschino liqueur are produced from 
cherries which are more or less unsound and in some cases the pits are not 
removed so that the distillate may show appreciable traces of hydrocyanic 
acid. It is claimed by the manufacturers of the genuine Dalmatian 
maraschino that the best product is made from the wild marasca cherry. 
If the cherry is transplanted to other localities and countries and cultivated 
it will not yield upon distillation a product having the flavor of the original 
fruit. 

In France so-called maraschino is made by various methods, which may 
briefly be classified under three heads: 

(1) The cherries are crushed and allowed to undergo alcoholic fermen- 
tation in the presence of a certain amount of the cherry leaves. After 
the fermentation the product is distilled and either a very strong spirit 
known as marasca spirit containing 40 to 50 per cent alcohol collected, 
or the fermented cherries are distilled in such a manner that a dilute 
spirit, 8 to 15 per cent alcohol strength, is obtained. This is called eau de 
marasque or marasca water. 

(2) A mixture of black cherries, raspberries, or other fruit and cherry 
leaves, with a small amount of peach kernels and iris is fermented and 
disti.led and a strong distillate obtained which is used for the manufacture 
of the cordial. 

(3) Essences of peach kernels, orange flowers, jasmine, and vanilla are 
mixed with pure alcohol and an artificial spirit obtained which is later 
made into a cordial. 

The method described under (1) is generally similar to that followed in 
Dalmatia. It is claimed that the cherries used are of the same variety 
as the original marasca cherries and that these cherries grow in Italy, 
Greece, and France as well as in Dalmatia. From information obtained 
from various sources it appears that it is well recognized in France that 
the marasca spirit or marasca water obtained from the native wild cherry 
is distinctly inferior in flavoring strength and quality to that produced 
in Dalmatia. Information from similar sources makes it evident that 
genuine marasca distillate from Dalmatia is often claimed to be used by 
French manufacturers. 
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In Holland so-called maraschino has been manufactured for many 
years; the following statements were made by a Dutch manufacturer: 

“In the trade, the term ‘Maraschino’ means a liqueur produced by the distillation 
of the kernel of stone fruit, generically the Prunus acidus; it may be simply the cherry, 
or the May Cherry, the black cherry, Morello, or Marasque. It is said that this 
general variety of cherry originated in the eastern and southern countries of Europe 
where the Marasque kind has predominated. 

“It is believed that in the beginning, over a century ago, the Marasque was the 
sole or chief variety of cherry from which Maraschino was made. But in course 
of time, it is related, to suit the public taste, this liqueur was distilled by producers 
all over Europe, from other varieties of the cherry as well as the Marasque — some- 
times blending Marasque and other kinds, sometimes using no Marasque what- 
ever. Sometimes, also, other substances were added, as flavoring, to please the 
consumer. All this time the liqueur was called Maraschino, and thus this became 
a generic term, without specific reference to the Marasque or Marasca cherry. 

“At the present time, as appears from the best information obtainable, no maker 
of Maraschino in this country uses cherries brought from Dalmatia, but the makers 
do use local or other varieties as near like them as possible. For instance, the X 
firm inform me that they use cherries grown in this country from real Marasca sprouts 
which they import and plant here. 

“The member of the firm of X says that the flavor of his Maraschino is reenforced 
by other substances * * * these substances are a trade secret which he could 
not divulge.” 

The following table gives the analysis of ten samples of genuine Dal- 
matian maraschino, nine samples of the French product, four samples of 
the Dutch product, and three of the American; also a composite analysis 
of Kirschwasser taken from Konig, volume 1, page 1514. 

Description of Samples Analyzed. 

2216-K to 2221-K. Characteristic flavor and aroma of true maraschino. Slight 
suggestion of Kirsch. 

2222- K. Weak flavored, no maraschino flavor; very little, if any, cherry distil- 
late; test for hydrocyanic acid not regarded as conclusive. 

2223- K. Cherry kernel flavor; benzaldehyde odor noticeable on diluted sample. 

2227-K and S. F. 3249. Flavor very weak, possibly derived from wild cherries. 

NY. 38512. Nearly all spirit, with a slight flavor of maraschino. 

NY. 38513. Spirits flavored (rose and syringa suspected) ; consular report shows 
that in district where sample was made alcohol and artificial flavors are used with 
either Zara marasca water, or same from Grasse district, France. 

NY. 38752. Weak flavored, may contain a small amount of maraschino. 

NY . 39752. Does not have flavor of maraschino ; may contain a cherry distillate; 
benzaldehyde suspected by odor and taste; manufacturer admitted later that sample 
was not prepared from marasca cherries. 

2224- K and NY. 26099. Perfumed odor rose present. 

2225- K and NY. 26047. Artificial flavor present; no maraschino flavor; see 
description of Dutch maraschino. 

2226- K. No maraschino flavor; benzaldehyde suspected by odor and taste; 
made from cherries, pits, alcohol, etc. 

3550-H. No flavor of maraschino. 

1687-K. Has maraschino flavor; use of imported marasca distillate suspected. 

The analysis of genuine Dalmatian maraschino shows it to be an alco- 
holic cordial containing from 30 to 44 per cent of alcohol, and 26 to 36 per 



1916 ] 


BILEV AND SULLIVAN: MARASCHINO 


493 


© 

£ 

v> 


t» 

I 

3 

V 

I- 

S. 

09 

48 


HYDROCYANIC ACID BY 

Sulphocyanate 

test 

Negative 

Positive 

Negative 

Trace 

Negative 

Do 

Negative 

Positive 

Negative 

None 

None 

Do 

None detected 

Positive 

Present 

Present 

Positive 

Do 

Guaiac copper 
test 

Very faint 
Positive 
Negative 
Positive 

Do 

Negative 

Very faint 

Trace 

Negative 

Faint trace 
Positive 
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1.116 

1.095 

1.204 

*i.i38 

1 093 
1.105 

1.108 

1.143 

1 156 

1 121 


Z 



1 Analysed 1909-1913 by A. L. Sullivan. 
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cent of solids (sugar) . The analysis of the distillates show a comparatively 
small amount of congenerics. Judging from these analyses it is evident 
that either the maraschino spirit is very highly rectified or it contains 
added neutral spirit. This conclusion is strengthened by comparing 
the analyses of maraschino with Kirschwasser, which is a true cherry 
distillate. In the case of Kirschwasser the total congenerics average 
about 200, whereas in the case of maraschino they average 80. It 
is a well-known fact that pure alcohol is used in the manufacture of 
maraschino and the low amount of congenerics is explained by this fact. 
Under the circumstances there is no evidence, of the use of rectifying 
columns in the process of distillation. The analyses show further that mar- 
aschino contains very small amounts of benzaldehyde, from traces up to 
five parts per hundred thousand per 100 proof. Hydrocyanic acid was 
found present in very small amounts in some of the genuine samples. 
There is nothing particularly characteristic about the chemical analysis 
of maraschino which would enable one to judge from the analysis alone 
whether a given sample is pure. 

The most striking feature about the Dalmatian maraschino is the flavor, 
which can not be measured by a chemical analysis. The peculiar frag- 
rance and delicacy of flavor of genuine maraschino is distinctly different 
from that of the French, Dutch, and other products. The analyst must 
draw his conclusions largely from the aroma and taste of the product. 
The presence of traces of benzaldehyde and hydrocyanic acid indicates 
a cherry distillate. 

Samples marked A, B and C under Dalmatian maraschino are interest- 
ing. They were made by the same concern. A is the cheapest product 
and C is the highest priced. The amount of congenerics in A is 30.3 
and in C, 110.8. It is apparent from the analysis that C contains a 
greater proportion of true marasca distillate than A. Sample 2220-K 
and Sample B immediately under that number were made by the same 
concern. The first sample was obtained in 1911 and the second sample 
in 1912. Sample 2220-K apparently has more of the true marasca dis- 
tillate than the latter sample. 

Examination of French maraschino shows chemical results quite sim- 
ilar to those obtained on the Dalmatian product. Two of the samples, 
however, contained much larger amounts of benzaldehyde. None of the 
samples had the characteristic strength and delicacy of flavor of the genu- 
ine maraschino. While it is probable that several of them were made 
from cherry distillates they do not have the strength and delicate flavor 
of the Dalmatian product. If a distillate made from French cherries was 
used it is very evident that this product does not have the quality of the 
Dalmatian product. Another striking feature about the French samples 
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as a whole is that they are weak flavored, which is probably due to the use 
of a large percentage of neutral alcohol. 

Four samples of Dutch products were examined, representing two differ- 
ent manufacturers. They contain appreciable amounts of benzaldehyde, 
16 to 18 parts per 100,000 proof. The flavor is entirely different from 
that of the Dalmatian product. The presence of benzaldehyde and hydro- 
cyanic acid indicate that the products may have been prepared from cher- 
ries. The somewhat excessive amount of benzaldehyde may be accounted 
for by the use of almond kernels, cherry stones, or some other product 
yielding benzaldehyde. It is possible that the cherrystones were crushed 
in the manufacture of the cordials. The four samples undoubtedly were 
prepared from a fermented product. 

The three samples of American manufacture were apparently prepared 
from cherries and two of them contain appreciable amounts of benzalde- 
hyde, considerably more than is found in the Dalmatian product. Sample 
1687-K seems to have the genuine flavor of maraschino, although not 
particularly strong. 

CONCLUSIONS. 

Dalmatian maraschino as prepared from the marasca cherry has a 
delicate fragrance and aroma and a distinctive flavor which is different 
from products prepared from other varieties of cherries and fruits. Such 
maraschino may contain traces of benzaldehyde and hydrocyanic acid. 
The amount of congenerics, that is, the sum of acids, ether, aldehydes, 
furfural and fusel oil is low, indicating the use of alcohol in the manu- 
facture of the product. 

Dalmatian maraschino is not made solely from straight cherry distil- 
late, but contains added spirit. The French, Dutch, and American 
products generally have an entirely different flavor from the Dalmatian 
product. In some cases artificial flavoring substances are present. In 
cases where the flavor has a resemblance to the genuine Dalmatian prod- 
uct the cordial is very weak flavored, that is, does not contain an appreci- 
able amount of genuine maraschino distillate used in its manufacture. 

The methods of analysis used were similar to the official methods for 
the analysis of distilled spirits. Owing to the high sugar content of 
maraschino it was necessary to dilute the same with water before dis- 
tilling; 400 cc. was diluted with 200 cc. of water and 500 cc. of distillate 
was collected. This spirit was analyzed for acids, esters, etc. Benzalde- 
hyde was determined by the Dennis and Dunbar method. Hydrocyanic 
acid was tested for by the guaiac copper and the sulphocyanate test, 
as described in Autenrieth. 

Genuine maraschino when diluted with water and saturated with sodium 
bisulphite and extracted with ether imparts its original odor to the ether. 
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If the ether is carefully evaporated at a low heat the aroma of the original 
product can be detected. This test is useful where the benzaldehyde 
flavor is strong, as the sodium bisulphite fixes the benzaldehyde and allows 
the removal of other flavors by the means of ether. 


No reports were made by the associate referees on beer and distilled 
liquors. 


REPORT ON VINEGAR. 


By E. H. Goodnow (Bureau of Chemistry Food and Drug Inspection 
Laboratory, St. Paul, Minn.), Associate Referee. 

The referee work on vinegar for this year has been confined to a co- 
operative study of Methods 6, 11, 15, 16 and 17, as given in the 1911 pro- 
ceedings, Bureau of Chemistry Bulletin 152, page 126. To each member 
of the association who had indicated a desire to participate in the col- 
laborative work, a sample of cider vinegar was submitted with the fol- 
lowing directions for the analytical procedure. 


METHODS OF ANALYSIS. 

6. Solids .— Measure 10 cc. of filtrated vinegar into a tared flat-bottom platinum 
dish of 50 mm. diameter, evaporate on the water bath to a thick sirup, and dry for 
exactly two and one-half hours in the drying oven at the temperature of boiling 
water; cool and weigh. It is essential to use a flat-bottom dish. 

11. Ash .— Measure 25 cc. into a tared platinum dish, evaporate to dryness on the 
steam bath, heat in the muffle at low heat to expel inflammable gases, treat the 
charred portion with a few cubic centimeters of water, and evaporate dry on the 
bath; replace in the muffle at low redness for 15 minutes and continue the alternate 
evaporation and heating until a white or gray ash is obtained, at no time allowing 
the temperature to exceed a dull red; cool in desiccator and weigh. 

IS. Fixed acid .—Measure 10 cc. into a 200 cc. porcelain casserole, evaporate just 
to dryness, add 5 to 10 cc. of water, and again evaporate; repeat until at least five 
evaporations have taken place and no odor of acetic acid can be detected. Add 
nearly 200 cc. of recently-boiled, distilled water and titrate with tenth-normal 
alkali, using phenolphthalein. One cubic centimeter of tenth-normal alkali is 
equivalent to 0.0067 gram of malic acid. 

IS. Volatile acid . — Calculate the fixed acid as acetic and deduct from the total 
acid. Express as acetic acid. 

17. Lead precipitate.— To 10 cc. in a test tube, add 2 cc. of normal lead acetate 
(20 per cent solution), shake, and let stand one-half hour. Express as turbidity, 
light, medium, heavy or very heavy. 

RESULTS OF COLLABORATION. 

The results of the collaborative analyses are given in the following 
table: 
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Results of cooperative analysis of a sample of cider vinegar by the 
methods given above. 


ANALYST 

Nan A. Childs, Lansing, Mich. . . 

J. O. Clark, Atlanta, Ga 1 
E. R. Lyman, Seattle, Wash. 

W. B White, Ithaca, N. Y. 

E. H. Goodnow, St. Paul, Minn. 


SOLIDS 

ash 

FIXED 

ACID 

VOLA- 
TILE ACID 

LEAD PRECIPITATE 

per cent 

per cent 

gram 

per cent 


J 2.27 
\2 24 

0.34 

0 33 

0 0771 

0 074/ 

5.62 

Heavy. 

grama 

gram 


grama 


2 04 

0.34 

0.10 

5.42 

Do. 

1 2 268 
\2 246 

0 3416 

0 3380 

0.060 

0 060 

5 3761 

5 388/ 

Heavy turbidity. 

is 

0.328 

0 325 

0 05 
0.05 

5.401 

5.40/ 

Medium (0.3 cc.). 
Heavy turbidity in 
supernatant liquid. 

f 2.23 
\2 24 

0 336 

0 333 

0.063 

0.057 

5.421 

5.42/ 

Medium immediate. 


1 All results average of two determinations. 


COMMENTS OP ANALYSTS. 

W. B. White: Solids. — We had no platinum dishes of proper size; so 50 mm. fused 
silica dishes were used. Owing to the elasticity of the term “thick sirup/' the 
samples were heated on the water bath for exactly 1 hour, giving in this case a thick, 
heavy sirup. Ash. — The muffle used was at such a temperature that 0.5 gram of 
c. p. sodium chlorid lost no weight when heated one-half hour. Seven evaporations 
and heatings were made, but there was no loss after the first four. The ash was 
of a reddish cast, as usual. Have never been able to get a gray ash on vinegar. 

E. H. Goodnow: No platinum dish of the proper size was available for the solids 
determination and, therefore, a round-bottom platinum dish of 25 cc. capacity with 
a diameter of approximately 70 mm. at the rim was substituted. 

DISCUSSION. 

While reports were received from only five of the collaborators the 
results in general show remarkably close agreement. Omitting Clarke's 
figure, the solids fall within the limits 2.23 to 2.27 grams, a difference of 
only 0.04 gram, although platinum dishes of the prescribed shape and 
diameter were not available in two instances. The ash varied from 0.325 
to 0.341 gram, a difference of only 0.016 gram on nine determinations. 
While the variation in the results for fixed acids is somewhat larger than 
would be expected most of the values are fairly concordant. The volatile 
acid determinations, excepting the figures obtained by Miss Childs, show 
a range of 5.376 to 5.42 grams or less than 0.05 gram difference. The 
estimates of the lead precipitation are as close as the somewhat indefinite 
standards of grading will permit. 

These methods have been generally used in the Bureau of Chemistry 
for the analysis of vinegars for several years but have never been sub- 
mitted to collaborative test by the association with the sole exception of 
the method for solids. In each instance there has been either a modifi- 
cation of the original method as given in Bulletin 107, Revised, or a more 
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detailed and exact statement of the procedure. While these particular 
methods are among the least exacting in the analysis of vinegar, they 
have been submitted to cooperative test this year in order that they might 
be available for adoption as provisional methods and thus receive the 
official sanction of the association. If favorable action is taken all the 
methods commonly used in the examination of vinegars, with the excep- 
tion of the methods for polarization and alcohol precipitate, will have 
been adopted as provisional methods. 

RECOMMENDATIONS. 

It is recommended — 

(1) That Methods 6, 11 15, 16, and 17, as given in the 1911 proceedings 
(Bur. Chem. Bui. 152, p. 126) be adopted provisionally. 

(2) That methods 10 and 20, as printed in the 1911 proceedings (Bur. 
Chem. Bui. 152, pp. 126-127) be given further study following the sug- 
gestions of the last associate referee, Mr. Bender, as given in Bureau of 
Chemistry Bulletin 162, page 81. 

REPORT ON FLAVORING EXTRACTS. 

By A. E. Paul (Bureau of Chemistry Food and Drug Inspection Lab- 
oratory, Chicago, 111.), Associate Referee} 

The work this year was planned in accordance with the resolutions 
adopted in last year’s meeting. Howard’s method for oil in peppermint 
extract, slightly modified (using carbon bisulphid) by the associate referee, 
was recommended for further study with a view to its final adoption at 
this meeting: also that it be tried out on other flavoring extracts. 

In accordance with these resolutions, eight samples were sent to the 
collaborators, each of the extracts containing 5 per cent of the respective 
oil. The extracts were anise, cassia, cinnamon, clove, nutmeg, pepper- 
mint, spearmint, and wintergreen. Collaborators were requested to apply 
the modified Howard method in all cases, and in addition, in certain cases, 
the following other methods, which have been previously recommended 
and appear to have considerable merit: Extraction method of Hortvet 
and West, as described in Bureau of Chemistry Bulletin 137, page 75, 
the brine modification of Mitchell’s method, as devised by Hortvet and 
West, described in the Journal of Industrial and Engineering Chemistry, 
1909, volume 1, and the saponification method for wintergreen, as de- 
scribed by the same authors in the same number of the same journal. 

Collaborators were requested to apply the various methods not only 
to the extracts sent, but to dilutions representing one-half and one-fifth 

1 Read by B. G. Hartmann. 
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the original strength; their reports, then, are on 5 per cent, 2$ per cent 
and J per cent extracts in 95 per cent alcohol. 

Unfortunately, the number of collaborators who have responded was 
very small and, still more unfortunately, two of these had had very little 
experience with extracts. 

RESULTS OF COLLABORATION. 


Analytical results on anise and nutmeg extracts. 


COLLABORATOR 

OIL 

PRESENT 

OIL IN ANISE EXTRACT 

OIL IN NUTMEG EXTRACT 

Brine 

method 

Carbon bisul- 
phid method 

Brine 

method 

Carbon bisul- 
phid method 


per rent 

per cent 

per cent 

per cent 

per cent 

E. H. Berry... . 

5.0 

4.6 

5.0 


4.9 


2.5 

2.4 

2.4 

2.4 

2.4 


0.5 

Trace 

0.5 


0.5 

II. A.Halvorsen... . 

5 0 

5.0 

5.2 

4.8 



2.5 

2.4 

2.7 

2.4 

2.4 


0.5 

0.4 

0.6 



J. S. McCunc 

5.0 

4.5 

4.9 

5.1 

4.8 


2 5 

2.3 

2.5 

2.5 

2.4 


0.5 

0.3 

0.5 



H. B. Mead 

5.0 

4.7 

4.8 

! 4.5 

2.8 


2 5 

2.4 

2.4 




0.5 



! 

1.8 

Paul Rudnick 

5 0 

5.4 

5.6 


4.4 


2.5 

2.8 

2.8 

2.5 



0.5 

0.4 

0.6 

0.5 

Trace 


These results are interesting in showing the value of experience on 
certain products. The first three collaborators have done a great deal of 
extract work while the last two have devoted themselves more largely to 
other products. Of the two methods, the first is simpler, and easier of 
application, while the second requires a little more experience. All col- 
laborators, therefore, obtained fair results by the brine method, but the 
more experienced ones, only, succeeded with the carbon bisulphid method. 
The results obtained by these three men are about equally satisfactory 
by the two methods, but it seems that preference should be given to the 
simpler method, namely, the brine method of Hortvet and West. 
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Analytical results on wintergreen extract . 


COLLABORATOR 

OIL PRESENT 

OIL IN W1NTEBOBBBN EXTRACT 

Saponification 

method 

Carbon bisulphid 
method 

' 

per cent 

per cent \ 

per cent 

E. H. Berry 

5.0 

5.0 



2.5 

2.4 

2.5 


0.5 

0.5 


H. A. Halvoreen 

5.0 

4.8 

Riv- ■» 


2.5 

2.4 

2.5 


0.5 

0.5 


J. S. McCune 

5.0 

4.9 

4.9 


2.5 

2.4 

2.5 


0.5 

0.5 

0.6 

H. B. Mead 

5.0 

5.0 

4.6 


2.5 

2.5 



0.5 



A. E. Paul 

5.0 


5.0 


2.5 


2.5 


0.5 



Paul Rudnick 

5.0 

5.0 

5.2 


2.5 

2.6 

2.6 


0.5 

0.6 

0.6 


In this case all collaborators obtained splendid results by both methods. 
Inasmuch as the methods are based on entirely different principles, one 
depending upon the amount of salicylic acid present, and the other upon 
the oil content, it would seem well to adopt both. Certainly the gravi- 
metric process should be made official at once. 


Analytical results on peppermint and spearmint extracts. 


COLLABORATOR 

OIL 

PRESENT 

OIL IN PEPPERMINT EXTRACT 

OIL IN SPEARMINT EXTRACT 

Brine method 

Carbon bisul- 
phid method 

Brine method 

Carbon bisul- 
phid method 


per cent 

per cent 

per cent 

per cent 

percent 

E. H. Berry 

5.0 

6.0 

4.9 

4.8 

4.8 


2.5 

2.6 

2.5 

1.8 

2.4 


0.5 

0.4 

0.5 

Trace 

0.5 

H. A. Halvorsen... 

5.0 

5.7 

5.1 

4.2 

4.8 


2.5 

2.5 

2.6 

1.7 

2.3 


0.5 

Trace 

0.5 

0.0 

0.5 

J. S. McCune 

5.0 

5.8 

5.2 

4.2 

4.8 


2.5 

2.6 

2.5 

1.7 

2.4 


0.5 

0.5 

0.5 

Trace 

0.5 

H. B. Mead 

5.0 

5.5 

4.3 

4.1 

4.0 


2.5 

2.2 

2.0 

1.4 

1.8 


0.5 





A. E. Paul 

5.0 


5.0 


5.0 


2.5 


2.5 


2.4 


0.5 


0.4 


0.4 

Paul Rudnick 

5.0 

6.0 

5.0 

4.6 

4.2 


2.5 

3.0 

2.2 

2.0 

2.0 


0.5 

0.6 

0.5 

0.2 

0.4 
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The remarks made in connection with anise and nutmeg extracts apply 
here also. The carbon bisulphid method yields to the operators, experi- 
enced with extracts, remarkably accurate results and, it seems, should be 
finally adopted for these two extracts. 


Analytical results on cassia, cinnamon , and clove extracts . 


COLLABORATOR 

OIL 

PRES- 

ENT 

OIL IN CASSIA EXTRACT 

OIL IN CINNAMON 
EXTRACT 

OIL IN CLOVE EXTRACT 

Brine 

method 

Extrac- 

tion 

method 

Carbon 

bisul- 

phid 

method 

I 

Brine 

method 

Extrac- 

tion 

method 

Carbon 

bisul- 

phid 

method 

Brine 

method 

9 

Carbon 

bisul- 

phid 

method 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

E. H. Berry 

5.0 

5.0 

4.8 

4.4 

3.6 

4.5 

4.1 

5.4 

4.8 

5.0 


2.5 

1.0 

2.0 

2.0 

1.2 | 

2.3 

1.8 

1.8 

2.4 

2.4 


0.5 

Trace 

0.5 

0.5 

Trace! 

0.3 

0.5 

Trace 

0.5 

0.5 

H. A. Halvorsen 

5.0 

2.8 

4.8 

4.3 

3.1 

4.6 

4.3 

4.2 

5.0 

5.0 


2.5 

0.5 

2 4 

3.1 

0.9 

2 3 

2.1 

1.2 

2.6 

2.5 


0.5 

0.0 

0 5 

0.4 

Trace 

0.5 

0.4 

0.0 

0.5 

0.4 

J. S. McCune. 

5.0 

3.8 

4.7 

4.2 

4.4 

4.5 

4.2 

3.4 

3.7 

4.8 . 


2.5 

0.7 

2.3 

2.0 

1.5 

2.7 

2.0 

1.3 

2.3 



0.5 

Trace 

0.5 

0.4 

Trace 

0.5 

0.4 

Trace 

0.5 


H. E. Mead 

5 0 

2.6 

4.7 

3.9 

3.2 

4.1 

3.9 

3.8 

4.9 

BH 


2.5 

3.3 

2.4 

1.6 

KQ 

2.1 

1.3 

■1*1 

2.4 



0 5 

0.8 

0.5 



.0.4 





Paul Rudnick . . 

5.0 

3.6 

4.6 

4.4 

3 6 

4.5 

4.1 

4.4 

4.4 



2.5 

1.0 

2.2 

1.8 

1.6 

2.3 

1.8 

1.8 

2.0 

2.0 


0.5 

Trace 

1.6 

0.4 

Trace 

0.4 

Trace 

Trace 

0.4 

KB 


In these cases the extraction method yields results which are reason- 
ably accurate. The carbon bisulphid method, too, is very satisfactory 
for clove extract and may well be used as a check method but it does not 
appear that any change in the present status is called for as the extraction 
method is now official for these three products. 

REMARKS BY COLLABORATORS. 

E. H. Berry: The brine method seems to be entirely satisfactory for nutmeg 
extract and fairly so for anise. The carbon bisulphid method gave good results on 
anise, cloves, nutmeg, peppermint, spearmint, and wintergreen, but the results 
are low in cassia and cinnamon. On cassia, cinnamon, and cloves the extraction 
method gave good results, but there is a great deal of chance connected with the 
method owing to the difficulty in knowing when to stop the heating. With con- 
siderable practice good results might be obtained. The results reported were ob- 
tained after considerable practice and after rejecting a number of worthless figures. 
I would suggest drying the ether extract with calcium chlorid in all cases. 

The saponification method for wintergreen gives excellent results and there is 
little choice between it and the carbon bisulphid method. The latter is a little 
shorter. 

J. S. McCune: Cassia and clove oils were weighed without drying, making it 
necessary to let them stand until dry, which requires 3 hours, rendering the results 
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uncertain. By drying in each case, the oils may be weighed as soon as the ether 
has been boiled off and the dish cooled. 

The carbon bisulphid method is the only one which may be used for all eight ex- 
tracts and in every case shows the best results. The saponification method for 
wintergreen, the extraction method for cassia, cinnamon, and clove, the brine 
method for nutmeg, anise, and perhaps peppermint, all might be used as check 
methods. 

H. B. Mead: My small experience with the brine method and the carbon bisulphid 
method probably makes this a very strenuous test for these. 

ADDITIONAL RESULTS BY HOWARD AND ADAMS. 

The following report of Howard and Adams was received after the other 
results had been compiled. Moreover, it embodies so many features which 
were not entered into by the other collaborators that it may hardly be 
incorporated with the matter previously considered. Inasmuch as it is 
a very complete report and quite interesting, it is added in full. As to 
the bearing which this report might have upon the conclusions and recom- 
mendations, the following remarks may be made: 

As to a choice between the ether method and the carbon bisulphid 
process, Mr. Howard, with whom both essentially originate, seems to 
prefer the former. Attention should be directed, however, to the fact 
that in the case of peppermint extract his results with the ether method 
are considerably farther from the actual oil content than those reported 
by the other collaborators using the carbon bisulphid method. 

In the case of cinnamon and cassia, his method, as applied by himself, 
seems to give fair results and it would seem that it might be worth while 
to study the process on these two products as compared with the now 
provisional extraction method. In the case of clove extract, the bisul- 
phid method yielded to Howard, as well as to the other collaborators, 
results much nearer to the truth than did the ether process to Howard. 
If any change were made in the provisional method, it would seem that 
the carbon bisulphid method should be given preference, since, of the 
three methods, it is not only the simplest, but the most accurate. 

It seems, therefore, that the report of Howard and Adams furnishes 
additional data for making the recommendations given. 

COMMENTS BY HOWARD. 

Brine method . — Of the two volumetric processes applicable to flavoring extracts — 
those of precipitation and extraction — the precipitation method has at least the 
virtue that it cannot give results in excess of the truth. In the case of certain oils, 
when present in tolerably large quantity, it is apparent that this method is capable 
of affording values but little below the actual. This is noticeably so with 5 per cent 
solutions of anise and nutmeg, so far as our results Bhow. The latter oil, containing 
ad it does, a considerable proportion of the comparatively volatile compound, 
pindne, there is a tendency to loss in those processes involving evaporation of a 
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Analytical results on flavoring extracts . l 
(C. D. Howard and W. L. Adams.) 

ETHER (HOWARD) 
10 CC. 5 CC. 
per cent ner vent 

4 5.10 4 2.50 

4 4.90 4 2.54 

5 5.00 

4 5.40 4 2.60 

4 5.10 

4 5.40 4 2.60 

4 5.00 .... 

4 5.00 4 2.50 
2 6 20 ... 

4 6.40 4 3.00 

4 6.00 4 2 80 
4 6.00 . . 

4 4.00 4 2 . 20 

4 4 20 4 2.40 

4 3.80 .... 

4 4.00 ... 

6 4.80 6 2.50 

6 4.40 . . . 

4 4.20 4 2.40 

4 4 40 

6 5.10 6 2.60 

4 5.10 4 2.50 
*5.20 .... 


4 0.40 

4 0.40 


1 The percentages of oil present in all extracts except the rose were 5 per cent, 
2.5 per cent and 0.5 per cent. 

* Carbon bisulphid method exactly as directed. 

* Carbon bisulphid method except that pump was not used at 100°C., and heating 
here continued but 10 to 15 seconds. 

4 Ether extraction, heating at 75°C. with 2 cc. saturated sodium chlorid solution. 

‘Ether extraction, heating at 50°C. with 2 cc. saturated sodium chlorid solution. 

* Carbon bisulphid, heating 4 minutes at 55°C. only plus sodium chlorid. 

7 Winter green by saponification gave 4.85 per cent and 4 85 per cent. 

solvent at a moderately high temperature. Spearmint oil seems to show a similar 
tendency. With weak extracts, however, particularly when prepared with strong 
alcohol, the separation is either very far from complete, or entirely negative. Were 
larger proportions of sample used and greater dilution practiced than is possible in 
the ordinary Babcock bottle, the results, as pointed out by Hortvet and by Mitchell, 
would undoubtedly be very much more satisfactory. Nevertheless, because of 
the impossibility of uniformly separating all, or nearly all of the oil present, and 
of the application of any really definite or constant correction, methods based upon 
precipitation do not at present seem to hold forth much promise, although the 
principle can, without doubt, be applied advantageously in certain cases. 


1 cc. 
per cent 

*6.5 0 

Hi.eo 

KhOO 

U50 

4 0.54 

*0 20 

6 0 . 60 

U30 

6 0.54 
*0 50 


Anise.. .. 
Cassia . . . 

Cinnamon 
Clove. . . 
Peppermint 


BRINS 

METHOD 

CC. 

5 

CO. 

1 cc. 

cent 

per 

cent 

per cent 

1.00 

2 . 

20 

0.20 

>.I0 

2. 

30 

0.20 

! 20 

0 

30 

None 

!.80 

0 

30 

None 


CARBON BISULPHID 


2 3.50 

*4.70 3 2.20 3 None 


/ 4.10 1.60 Trace 2 5.00 

\ 2.80 3 5 00 *2.10 3 0 20 j 

5.70 2 50 Trace 1 

5 70 2 60 \ 2 0.40 

5 80 J 


Nutmeg .. 


4 80 2.40 0.20 


4 70 1.80 Trace «a c\t\ 21 2 tv.. _ 

Spearmint... i 4 00 1 40 4.40 4' 30 T 

Wintergreen 7 — {430 2 . 10 None } # 5.00 


Rose (85.5 per cent 
alcohol — a stand- 
ard brand). .. None 
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Carbon bisulphid method . — In addition to securing complete extraction, we have 
involved in this the rather difficult problem of adjusting the method and tempera- 
ture of evaporation with such nicety that the solvent will be completely eliminated, 
on the one hand, without loss of oil, on the other. The tenacity with which small 
amounts, not only of chloroform and bisulphid, but even of ether, are retained by 
the oily residue, is rather remarkable. While there can be no question that in the 
case of most oils used as food Savors, when present in fairly large quantity, extrac- 
tion of all but unmeasurable traces can be effected by as little as 1 cc. of chloroform 
or carbon bisulphid, yet when the proportion is less than 1 per cent and particularly 
when the solvent is strong (95 per cent) alcohol — as in the 1 cc. dilution here involved — 
the separation is likely to be more or less incomplete. It is, of course, obvious 
that inasmuch as the latter circumstance would almost never be encountered in 
practice, this objection is not quite so vital as might at first appear. Extract of 
rose is, however, a case in point, the sample included in these tests containing 85 
per cent of alcohol, with less than 0.5 per cent of oil. The writer trusts he may not 
seem lacking in a proper sense of modesty if he ventures to point out that the ether 
extraction method, as described below, proved to be the only one of the three volu- 
metric procedures capable of properly working this particular case. 

Objection may be raised to the provision concerning heating in a boiling water 
bath under diminished pressure. While this may involve no serious loss in the 
case of a few of the oils, there seems to be but little room for doubt that a serious loss 
may occur with others under this condition . In fact, our work would seem to indicate 
that even at 70°C., with the pump, material volatilization of oils of the character of 
nutmeg takes place following expulsion of the bulk of the solvent. In reality, the 
writer is convinced that the extended use of such high temperatures is unnecessary, 
although in some instances they may do no harm. 

Finally, it might be well to investigate the possible objectionableness of the 
addition of as much as 1 cc. of strong hydrochloric acid in the case of such extracts 
as cassia, cinnamon and clove. In connection with earlier work along these lines, 
the impression was gained that such causes a tendency to low results through de- 
composition. On the other hand, the writer is still unconvinced as to the objection- 
ableness of the simpler 1 : 2 sulphuric acid floating medium for oil of wintergreen, 
provided such is cautiously added to the well cooled oil separate. 

Ether extraction method . — This procedure was proposed by the writer in 1911 
(J. Ind. Eng. Chem., 1911, 3 : 252) as an improvement over his original chloroform 
method, concerning which certain criticisms had been raised. While it is believed 
that the present carbon bisulphid modification is capable, possibly following a little 
further adjustment, of affording good results in a rather large range of cases, yet the 
writer is convinced of the general superiority of the ether method, believing not only 
that it is applicable to a greater variety of extracts and oily preparations generally, 
but to the most exacting conditions as regards strength of alcohol and proportion of 
oil. 

Under the present practice in this laboratory the temperature of evaporation is 
such that no serious loss is likely to occur in the case of turpentine and oils of similar 
volatility. The principle involved in the original chloroform method, that practi- 
cally complete extraction can be effected by means of a very small volume of solvent, 
has been lately further extended in the ether process, through the elimination of the 
third shake out. While not quite so rapid as the bisulphid method, yet it is not a 
lengthy procedure. Following are the details as at present observed: 

Pipette 10 cc.of extract into a 4 ounce separatory, the stem of which is cutoff short 
at the stopcock. Add 50 cc. of cold water and, except in the cases of cinnamon, 
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cassia and clove, about 0.5 cc. of strong hydrochloric acid. Shake with 15 cc. of 
ether, draw off aqueous layer and transfer ether extract to a small-mouthed 50 cc. 
flask. Again shake with 10 cc. ether, reject aqueous portion, and wash the com- 
bined extracts with 10 cc. of ether-saturated water. Transfer the extract by means 
of a small funnel to a Babcock milk bottle graduated in tenths, and add 2 cc. of satu- 
rated salt solution. Connect stem of bottle with vacuum pump and immerse in a 
bath at 50°C. Holding bottle at an angle of 45°, shake continuously with a rotary 
motion (at first gently), until all but a small residue of ether is eliminated, which, 
with a good pump, will require 2 to 3 minutes only. Continue the heating for about 
2 minutes beyond the point when, on removing bottle from the bath about every 
15 seconds and giving contents a vigorous snap, no ether foam is observed. Remove 
from the pump and test completeness of ether removal by quietly immersing from 
2 seconds in a boiling water bath; on the instant of removal simultaneously shake 
and apply a test flame. Repeat, and if not found ether-free, return to the first bath 
for another minute. Care should be observed not to expose the nearly ether-free 
oil to the temperature of boiling water for more than a very brief period, nor must 
the evaporation under the pump at 50° be unduly prolonged, else loss will result. 
Finally, cool, add salt solution and centrifuge for 1 minute. 

While, using 10 cc. of sample, it has been found that one extraction only of 15 cc. 
ether is usually sufficient for the removal of all but unmeasurable quantities of oil 
when the latter is present in considerable amounts, yet the second extraction is 
necessary with small amounts. In order to reduce the error, it is our practice, when 
the proportion of oil is much less than 5 per cent, to take 20 cc. of sample in which 
case a third extraction with 5 cc. of ether is advisable. 

With most extracts, a clear separation occurs readily, and the use of hydrochloric 
acid would seem of doubtful necessity. The acid was, however, found very help- 
ful in the case of the nutmeg and spearmint, both of which extracts tended to give a 
persistent cloudy water-alcohol layer in the absence of such. 

The addition of the 2 cc. of brine solution seems to be effective in assisting the 
elimination of the last traces of ether. 

RECOMMENDATIONS. 

In view of the above results, comments and conclusions, I would re- 
spectfully recommend — 

(1) That the saponification method of Hortvet and West for winter- 
green extract, as described in the Journal of Industrial and Engineering 
Chemistry, 1909, volume 1, and slightly modified in Bureau of Chemistry 
Bulletin 152, page 141, by the then associate referee, R. S. Hiltner, be 
adopted as provisional. 

Method . — Mix 10 cc. of extract in a 100 cc. beaker with 10 cc. of potassium hy- 
droxid solution (10 per cent). Heat on a boiling water bath until volume is reduced 
about one-half. Add a distinct excess of dilute hydrochloric acid, cool and ex- 
tract with three portions of ether, 40 cc., 30 cc. and 20 cc., respectively. Filter the 
combined ether extracts through a dry filter into a weighed dish, wash with 10 cc. 
of ether and evaporate spontaneously. Dry over calcium chlorid in a desiccator 
and weigh. The weight of salicylic acid thus obtained, multiplied by 9.33, gives 
the per cent of oil of wintergreen by volume. 
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(2) That the following method, devised by Hortvet and West, and 
described in the Journal of Industrial and Engineering Chemistry, 1909, 
volume 1, number 1, be made provisional for anise and nutmeg extracts. 

Method . — To 10 cc. of extract in a Babcock milk flask add 1 cc. of hydrochloric 
acid (1:1), then sufficient half-saturated salt solution previously heated to 60°C., to 
fill the flask nearly to the neck. Cork and let stand in water at 60°C. for about 15 
minutes, occasionally giving the flask a twisting motion, and centrifuge for 10 minutes 
at about 800 revolutions per minute. Add brine till the oil rises into the neck of the 
bottle, and again centrifuge for 10 minutes. If the separation is not satisfactory, 
or the liquid is not clear, cool to about 10°C. and centrifuge for an additional 10 
minutes. , 

(3) That the following slight modification of the Howard-Mitchell 
method, which was studied last year for peppermint extract, be now pro- 
visionally adopted for peppermint and spearmint extracts and also as an 
additional method in the case of wintergreen extract. 

Method .*— Pipette 10 cc. of the extract into a Babcock milk bottle, add 1 cc. of 
carbon bisulphid, mix thoroughly, then add 25 cc. of cold water and 1 cc. of con- 
centrated hydrochloric acid. Close the mouth of the bottle with the thumb, and 
shake vigorously, whirl the bottle in a centrifuge for 6 minutes and remove all but 
3 or 4 cc. of the supernatant liquid, which should be practically clear, by means of 
a glass tube of small bore and aspiration. Connect the stem of the bottle with a 
filter pump, immerse the bottle in water kept at approximately 70°C. for 3 minutes, 
removing from the bath every 15 minutes and shaking vigorously. Continue in the 
same manner for 45 seconds using a boiling water bath. Remove from the bath and 
shake while cooling. Disconnect from the suction and fill the bottle to the neck 
with saturated salt solution at room temperature, centrifuge for 2 minutes and read 
the volume of the separated oil from the top of the meniscus. Multiply the reading 
by 2 to obtain the per cent of oil by volume. 

In the case of wintergreen, use as floating medium, a mixture of 1 volume of con- 
centrated sulphuric acid and 3 volumes of saturated sodium sulphate solution. 


THE RELATIONSHIP BETWEEN THE ALCOHOL-SOLUBLE 
SOLIDS AND ETHER-SOLUBLE SOLIDS IN STANDARD 
GINGER EXTRACT. 

By C. W. Harrison and A. L. Sullivan (Bureau of Chemistry Pood 
and Drug Inspection Laboratory, Boston, Mass.). 1 

During the course of the regular inspection work in connection with 
the enforcement of the Food and Drugs Act, it has frequently become 
necessary to determine the purity and strength of ginger extracts and 
tinctures. The high cost of alcohol leads to the attempt to put out ex- 
tracts of low alcoholic content and of little flavoring strength. The 
following two analyses are typical of this class of extracts; 


1 Read by C. S. Brinton. 
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Percent Percent 

Alcohol 46.95 24.30 

Solids 0.60 . 0.79 

Water-soluble solids 0.77 

Ether-soluble solids 0.06 N one 

Ginger, as is well known, differs from most spices in that water and 
weak alcohol extract a larger amount of solid matter from it than does 
95 per cent alcohol; but these additional extractives add nothing to the 
value of the extract since the aromatic principles of the root, the essential 
oil and oleo resins are almost insoluble in dilute alcohol and water. 

Street 1 has called attention to the importance of determining the alco- 
hol-soluble solids of ginger extracts as a means of judging of their purity 
and strength, since he finds that practically all of the solids in high grade 
extracts are soluble in 95 per cent alcohol. No reference is made to the 
fact that this is also true regarding the solubility in ether and since some 
of the adulterants of ginger extracts, notably sugar, molasses, glycerin, 
caramel, etc., which would be more or less soluble in alcohol, would be 
practically insoluble in ether, it was decided to study the solubility of the 
solids in ether on extracts of known composition, made with weak and 
strong alcohol, and to compare the results obtained with the alcohol- 
soluble solids. It was believed that owing to the insolubility of the named 
adulterants of ginger extract in ether, this determination would show 
adulteration and low strength even better than the alcohol-soluble solids. 
It was our purpose also to show from the results, the relative strength of 
an extract. 

Eleven samples of ginger root, representing three different varieties, 
were accordingly procured, ground, and analyzed with the following 
results: 

TABLE 1. 


Analysis of ground ginger. 


NO. 

VARIETY 

ASH 

ETHER EXTRACT 

ALr OHO I, 
extract 

Total 

Water- 

soluble 

W atcr- 
insoluble 

Total 

Volatile 

Non- 

volatile 



per cent 

per cent 

per cent 

per cent 

per ct nt 

per cent 

per cent 

1 

African 

5.85 

3 40 

2.45 

8 15 

1 50 

6 65 

5.42 

2 

do 

4.40 

2.65 

1.75 

7.60 

1 57 

6 03 

5 88 

3 

do 

5.40 

3.57 

1 83 

7 17 

1 55 

5 62 

5.93 

4 

Cochin 

5 08 

2 80 

2.28 

6 15 

1.25 

4 90 

5.17 

5 

do 

4.88 

2.88 

2 00 

8.65 

3 08 

6 57 

7.00 

6 

do 

5.00 

2 85 

2 15 

6.00 

1.17 

4 83 

6.00 

7 

do 

4.58 

2.88 

1 70 



4 98 

5.13 

8 

Jamaica 

3.62 

2 82 

0 80 



3 08 

4.29 

9 

Jamaica, bleached 

6 30 

2.82 

3 48 



3.63 

4.36 

10 

Jamaica 

4.10 

2 85 

1 .25 

i 


4.70 

4.40 

11 

do 

5 75 

4.02 

1 73 



3.12 

5.33 


Maximum 

6.30 

4.02 

3.48 

8.65 

2.08 

6.65 

7.00 


Minimum 

3.62 

2.65 

0.80 

6.00 

1.17 

3.08 

4.29 


Average 

4.99 

3.05 

1.95 

7.45 

1.52 

4.74 

5.36 


1 Bur. Chem. Bui. 137, p. 76. 
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Two sets of extracts were then prepared from these, according to the 
method of the U. S. Pharmacopeia using 95 and 50 per cent alcohol; these 
were analyzed for alcohol, total solids, alcohol-soluble solids, ether-soluble 
solids and the ratio of the alcohol-soluble and ether-soluble solids to total 
solids calculated. The following results were obtained. 


TABLE 2. 

Analysis of ginger extract made with 95 per cent and 50 per cent alcohol. 




ALCOHOL 

SOLIDS (GRAMS PER 100 CC.) 

RATIO 

ALCOHOL- 

RATIO 

ETHER- 

NO. 

VARIETY 

(pee cent 

BY 

VOLUME) 

Total 

Alcohol- 

soluble 

Ether- 

soluble 

SOLUBLE 
SOLIDS 
TO TOTAL 
SOLIDS 

SOLUBLE 
SOLIDS 
TO TOTAL 
SOLIDS 

95 PER 
1 

CENT ALCOHOL : 

African 

92.43 

1.23 

1.15 

1.20 

1:1.07 

1:1.02 

2 

do 

92.43 

1.22 

1.18 

1.17 

1:1.03 

1:1.04 

3 

do 

92.75 

1.14 

1.06 

1.06 

1:1.08 

1:1.08 

4 

Cochin 

91.36 

1.04 

1.01 

0.99 

1:1.03 

1:1.05 

5 

do 

91.78 

1.50 

1.40 

1.35 

1:1.07 

1:1.11 

6 

do 

92.74 

1.04 

1.03 

0.97 

1:1.01 


7 

do 

92.00 

1.16 

1.08 

1.05 

1:1.07 

ESsU 

8 

Jamaica 

92.43 

0.80 

0.79 

0.71 

1:1.01 

KSSU 

9 

Jamaica bleached 

93.12 

0.93 

0.87 

0.82 

1:1.07 

EskI 

10 

Jamaica 

93.12 

0.85 

0.80 

0.76 

1:1.06 


11 

do 

93.44 

1.14 

1.04 

1.00 

1:1.09 


Maximum 

93.44 

1.50 

1.40 

1.35 

1:1.01 

mm 

Minimum 

91.36 

0.80 

0.79 

0.71 

1:1.09 

mfmfm 

Average 

92.51 

1.09 

1.04 

1.01 

1:1.05 

QggjgJI 

50 PER 
1 

CENT ALCOHOL : 

African 

49.60 


BKV 

0.32 

1:2.41 

1:5.94 

2 

do 

49.44 

1.82 


0.31 

1:2.39 

1:5.87 

3 

do 

49.01 

2.16 

Bin 

0.27 

1:2.47 

1:7.97 

4 

Cochin 

49.71 

1.70 

mjblM 

0.38 

1:1.73 

1:4.48 

5 

do 

49.60 

2.17 

1.07 

0.54 


1:4.02 

6 

do 

49.60 

1.59 

1.05 

0.40 

1:1.51 

1:3.98 

7 

do 

49.44 

2.18 

0.78 

0.38 


1:5 74 

8 

Jamacia 

49.17 

1.93 

0.34 

0.19 

1:5.68 


9 

Jamaica bleached 

48.00 

2.15 

0.35 

0.29 


1:7.41 

10 

Jamaica 

47.17 

2.17 

0.31 

0.24 



n 

do 

49.33 

2.47 

0.59 

0.37 

1:4.18 

1:6.68 

Maximum 

49.71 

2.47 

1.07 

0.54 

1:1.51 

1:3.98 

Minimum 

47.17 

1.59 

0.31 

0.19 

1:7.00 

1:10.16 

Average 

49.09 

2.02 

0.72 

0.34 

1:3.47 

1:6.48 


A study of these analyses shows that in the strong extract the total 
solids vary from 0.8 to 1.50 grams per 100 cc., the alcohol-soluble solids 
from 0.79 to 1.40 grams, the ether-soluble from 0.71 to 1.35 grams, the 
ratio of alcohol-soluble to total solids from 1 : 1.01 to 1 : 1.09, and the ether- 
soluble to total solids from 1:1.02 to 1:1.14. It appears, therefore, from 
these results that in an extract prepared with 95 per cent alcohol, practically 
all of the solids are soluble in ether as well as in alcohol, and the ratio of 
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the ether-soluble solids to the total solids is nearly the same as the ratio 
of the alcohol-soluble solids to total solids, being a trifle higher. 

The results on the extract prepared with 50 per cent alcohol, however, 
are quite different. As would be expected, the total solids are consider- 
ably higher and the solids soluble in alcohol are as a rule about 40 per 
cent of the total solids, with an existing ratio ranging from 1 : 1.51 to 1 : 7.00, 
with a general average of about 1.2:5. In the case of the ether-soluble 
solids, however, a much higher ratio exists since the ether-soluble solids 
are much lower than the alcohol-soluble solids (generally about 50 per cent) 
and the ratio of ether-soluble solids to total solids is found to range from 
1:3.98 to 1:10.16, being generally above 1:5. It therefore appears that 
while the solids from a high grade extract are almost completely soluble 
in ether, only a very small amount of the solids from an extract prepared 
with weak alcohol are ether-soluble, and that, with a very dilute extract 
as the analysis before quoted where the alcoholic strength was 24 per cent, 
there were no ether-soluble solids, and such extracts arc therefore practi- 
cally valueless. 

Ginger extracts prepared with 50 per cent alcohol have, as compared 
with extracts made with 95 per cent alcohol, about twice the amount of 
solids, 70 per cent of the amount of alcohol-soluble solids and 33 per cent 
of the amount of ether-soluble solids. 


GINGER, NO. 6 


SOLIDS SOLUBLE IN 


Alcohol 

95 per cent 

Alcohol 

75 per cent 

Aloohol 

50 per t ent 

Aloohol 

25 per cent 

Water 

Solids soluble in 

per cent 

6.00 

per cent 

R 92 

per cent 

9 20 

per cent 

9.82 

per cent 

13.39 

ether 

6.00 

4 10 

2 76 

0 10 

0.1 


It is self-evident from these tabulated figures that strong alcohol must 
be used to get the full flavoring strength of the ginger. 

The official methods were followed in the determination of alcohol, 
solids, and alcohol-soluble solids as given in the 1910 Proceedings (Bur. 
Chem. Bui. 137, p. 79). For the ether-soluble solids 10 cc. were evapo- 
rated in a porcelain dish to complete dryness. Absolute ether was then 
added to the residue, the dish covered with a watch glass and allowed 
to stand 15 minutes. This ether was then decanted through a dry filter 
into a fared 100 cc. Erlenmeyer flask, and the ether washing repeated. 
The undissolved solids remaining in the dish were then scraped loose from 
the sides with a spatula and rubbed up with successive small portions of 
ether which were passed through the filter until no more material was 
dissolved, as indicated by the ether coming through colorless. The 
ether was then distilled off and the flask dried at 100°C. to constant weight. 
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SUMMARY. 

From the analytical results the following conclusions are drawn: The 
solids in ginger extracts made with 95 per cent alcohol are practically all 
soluble in ether, this being true of all three varieties examined. Only a 
small amount of the solids from ginger extract made from weaker alcohol 
is soluble in ether, and the solubility of the solids in ether decreases the 
weaker the alcoholic extract, even though the amount of total solids 
increases, and in the case of the 25 per cent extract, practically none of 
the solids were soluble in ether. 

The solids from extracts made with weak alcohol are more insoluble 
in ether than in alcohol. Some of the adulterants of ginger extracts, as 
molasses, caramel, glycerin, sugar, etc., would be more insoluble in ether 
than in alcohol, and, therefore, the percentage of solids soluble in ether 
conveys more information as to the strength of a commercial ginger 
extract than the amount of alcohol-soluble solids. 

The amount of ether-soluble solids in connection with alcohol-soluble 
solids is a valuable measure of the strength of the extract. 

REPORT ON SPICES. 

By R. W. Hilts (Bureau of Chemistry Food and Drug Inspection 
Laboratory, San Francisco, Cal.), Associate Referee. 

At the 1913 meeting of the association, there were referred to the associ- 
ate referee on spices, the recommendations of the associate referee on 
condiments other than spices for 1911, as the refereeship on condiments 
other than spices was dropped in 1912. These recommendations con- 
cerned in particular the examination of tomato ketchup with special 
reference to the detection of spoilage, and the work was continued in 
1912 when the methods for the determination of lactic acid, citric acid, 
insoluble solids, and sand were approved for final action as provisional in 
the following year. The present associate referee has had no oppor- 
tunity to make a special study of the methods, but would state that the 
methods for citric acid, lactic acid, and insoluble solids (Bur. Chem. Bui. 
162, pp. 128-129) are used in the San Francisco laboratory of the Bureau 
of Chemistry, as occasion arises, for the examination of ketchup. While 
the lactic and citric acid methods appear to have a value in detecting the 
use of decomposed pulp, this value is only as confirmatory of the micro- 
scopical methods, which must still be the main reliance. The lactic 
acid method is laborious, and, in a mixture such as ketchup, must be re- 
garded as merely conventional, and its results must be taken as relative 
and not as absolute. 
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With the idea of finding some method that might yield lower “blank” 
results on ketchup, a few preliminary experiments were made to test the 
availability of the method of Moslinger, 1 which depends upon the solu- 
bility of barium lactate in 70 per cent alcohol. At present it appears 
probable that the complications caused by the presence of sodium benzoate 
might make the method quite cumbersome, even if applicable. 

Certain facts deserve consideration : The lactic acid method which has 
been under study is laborious and its results, as well as those of the citric 
acid method, are relative. Research work on the determination of lactic 
and other organic acids is under way in the Bureau of Chemistry. The 
lactic and citric acid methods have received the approval of the Secre- 
tary of Agriculture for official use, so that immediate adoption is not 
necessary. 

It is recommended that final action regarding the lactic and citric acid 
methods be withheld pending further study and collection of data and 
that the methods for determining insoluble solids and sand, as applied to 
ketchup (Bur. Ohem. Bui. 162, pp. 128-129), be adopted as provisional. 

REPORT ON BAKING POWDER. 

By Roe E. Remington (Agricultural Experiment Station, Agricultural 
College, N. D.), Associate Referee . 

Early in the year the associate referee sent out about fifty copies of a 
circular letter suggesting four determinations for study on baking powders. 
From replies received, it seemed that the question of lead was of most 
interest, and after some correspondence with the associate referee on heavy 
metals it was decided to take up the study of this determination in baking 
powders, particularly those of the alum-phosphate type. 

Correspondence with a number of chemists and a study of last year s 
report on lead, led to the conclusion that our present methods are not 
sufficiently perfected for collaborative work on samples. Accordingly, 
this year’s study has taken the direction of attempts to simplify and 
improve existing methods to the point where they may be placed in the 
hands of a number of chemists for check determinations. 

The associate referee has had the cooperation of several chemists in 
this study, and begs to submit the following modification of existing 
methods as a result of the year’s work. He would recommend for next 
year that a comparative study be made of the Seeker, Exner and referee’s 
methods for this determination. The latter is as follows: 


1 Zts. Nahr. Genussm., 1901, 4: 1120; 1914, 27: 841. 
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REFEREES MODIFICATION OF SEEKER METHOD. 

Weigh 100 grams of baking powder into an 800 cc. Jena beaker and add 75 cc. 
of hydrochloric acid in small portions, with stirring, followed by 200 cc. of distilled 
water. Place the mixture on a steam bath and heat until the starch is completely 
hydrolyzed and the solution is fairly clear and a bright yellow. (Too long heating 
will result in darkening due to caramelization. A copious crystalline precipitate 
of calcium phosphate may appear, but will do no harm.) 

Neutralize the solution to the point of precipitation of aluminum with ammonia, 
cool, and add 4C0 cc. of a 20 per cent ammonium citrate solution saturated with hydro 
gen sulphid. 

This citrate solution is prepared as follows: Prepare a solution containing 200 
grams of ammonium citrate per liter in a bottle fitted with a two-hole stopper. 
Through one hole, make connection with a generator producing hydrogen sulphid, 
and to the other attach a siphon for drawing off the solution. The liquid is thus 
kept saturated with hydrogen sulphid, and at the same time may be drawn off with- 
out disturbing the precipitate of lead sulphid which has gathered on the bottom. 
Practically all the ammonium citrate on the market contains lead. By preparing the 
solution as just described the loss due to solubility of lead sulphid is reduced to a 
minimum, the reagent being already saturated with this salt. 

The baking powder solution will be slightly alkaline, so that a partial precipita- 
tion of iron sulphid will result, together with that of the lead. Allow the solution 
to stand covered, passing in more hydrogen sulphid if the odor of the gas disappears, 
until the precipitated sulphids settle. Siphon or filter off the supernatant liquid, 
collect the precipitate on a filter and wash with a small amount of hydrogen sul- 
phid water. Then place the filter with the precipitate in a tall 100 cc. Jena beaker, 
add 5 cc. of sulphuric acid and 10 cc. of nitric acid, and heat on the hot plate with 
occasional additions of nitric acid until the solution is colorless and all organic mat- 
ter is destroyed. The solution will contain a precipitate of calcium sulphate. Con- 
tinue the heating until a large portion of the sulphuric acid has passed off, but not 
to dryness. Cool, add 5 cc. of water and heat gently to aid solution. Again cool, 
neutralize with ammonia, and add 30 cc. of a mixture of equal parts of saturated 
lead-free ammonium acetate solution and 96 per cent alcohol. Allow to stand over- 
night, filter and wash with a small amount of ammonium acetate alcohol solution. 
If the precipitate of calcium and ammonium sulphates is heavy, it may be necessary 
to use suction. 

Acidify the filtrate with acetic acid and heat nearly to boiling. Precipitate with 
potassium dichromate solution, allow to stand overnight, filter on a small tared 
Gooch, wash with a small amount of cold water, dry at 125° C. and weigh as lead 
chromate. 


No report was made by the associate referee on meat and fish. 
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REPORT ON FATS AND OILS. 

By R. H. Kerr (Bureau of Animal Industry, Washington, D. C.), 

Associate Referee . 

The 1914 work consisted of a study of methods for the detection of 
phytosterol in mixtures of animal and vegetable fats. Two methods 
were studied, the one developed in the laboratories of the Bureau of 
Animal Industry and the digitonin method of Marcusson and Schilling. 

Three samples were sent out for the work, the composition of them being 
as follows: 

Sample 1 — Lard adulterated with 5 per cent of cottonseed oil and 0.25 
per cent of vaseline. 

Sample 2 — Pure lard (rancid). 

Sample 3 — Lard adulterated with 2.5 per cent of hydrogenated cotton- 
seed oil and 2.5 per cent of soy bean oil. 

Vaseline was added to Sample 1 in order that the effect of its presence 
on the methods studied might be determined. Such an amount of vaseline 
would effectually prevent the obtaining of any accurate results by the 
present provisional method. A rancid lard was chosen for Sample 2, for 
similar reasons. Rancidity interferes decidedly with the present pro- 
visional method. 

The following instructions were sent to the collaborators: 

INSTRUCTIONS TO COLLABORATORS. 

The work consists of a study of methods for the phytosterol acetate test. Three 
samples of fats for this work are being sent you under separate cover. You are re- 
quested to test these samples for phytosterol according to the methods given below. 

1. Bureau oj Animal Industry method. — Described in Bureau of Animal Industry 
Circular 212, a copy of which is being sent you herewith. 

2. Digitonin method oj Marcusson and Schilling. — (Chemiker Zeitung, August 
21, 1913.) Shake vigorously for 15 minutes in a separatory funnel 50 grams of the 
fat oil or fat to be tested with 20 cc. of a 1 per cent solution of digitonin in 95 per 
cent alcohol. Allow the mixture to stand for a time until the emulsion separates. 
The lower or fat layer should be quite clear while the alcohol layer is full of a bulky, 
flocculent precipitate. Draw off the fat as much as possible, taking care not to lose 
any of the precipitate. Add 100 cc. of ether to the alcohol layer and filter the mixture. 
Wash the precipitate with ether until free from fat; after drying in the air, transfer 
it to a tall 50 cc. beaker, add 2 to 3 cc. of acetic anhydrid and cover the beaker with 
a watch glass. Then boil slowly over a low flame for half an hour. After cooling, 
add 30 to 35 cc. of 60 per cent alcohol and thoroughly mix the contents of the beaker. 
Filter off the alcohol solution and wash the precipitate with 60 per cent alcohol, 
then dissolve it on the filter with a stream of hot 80 per cent alcohol from a wash 
bottle and set away the filtrate in a cool place (10° C. or below). After the acetates 
have crystallized out of this solution filter them off, rccrystallizc from absolute 
alcohol, dry, and determine the melting point as directed in Bureau of Animal In- 
dustry Circular 212. 
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You are requested to test the three samples sent you for phytosterol by both 
methods and to report (1) melting point* of acetates obtained in first crystallization 
from absolute alcohol, (2) melting point of each subsequent crop of crystals, if ace- 
tates are reorystallized, (3) judgment as to presence of vegetable oil, and (4) which 
of the two methods you consider preferable. Any comment or suggestion you may 
care to make will be appreciated. 

RESULTS OF COLLABORATORS. 

Results by L. B, Burnett {Bureau of Chemistry ). 

Melting point t by B, A. I. Melting points by Digitonin 

Sample method method Conclusion 

1 114.8°— 1st crop crystals 114.8°— 1st crop crystals Phytosterol present 

115.6° — 2d crop crystals 116.0° — 1st crop crystals 

115.8° — 1st crop crystals 

2 111.8°— 1st crop crystals 111.4°— 1st crop crystals No phytosterol 

112.0®— 2d crop crystals 112.2°— 1st crop crystals present 

3 115.8° — 1st crop crystals 116.0° — 1st crop crystals Phytosterol present 

116.4°— 2d crop crystals 116.6°— 1st crop crystals 

Mr. Burnett expresses a preference for the digitonin method over the B. A. I. 
method and recommends using a 100 gram sample for the test. 

Results by R. S. Hollingshead {Bureau of Chemistry ). 

Melting points by Digitonin 

Sample method Conclusion 

1 116.5° — 1st crop crystals Vegetable oil present 
116.1°— 2d crop crystals 

2 114.2°— 1st crop crystals Pure lard 
113.6°— 2d crop crystals 

3 115.8°— 1st crop crystals 

115.4°— 2d crop crystals Vegetable oil present 

Mr. Hollingshead reports no results by the B. A. I. method. He expresses a 
preference for the digitonin method on the ground of convenience. 

Results by R. H. Kerr {Bureau of Animal Industry ). 

Melting points Melting points 

Sample by B. A. 1. method by Digitonin method Conclusion 

1 115.4° — 1st crop crystals 117.4° — 1st crop crystals Vegetable oil present 
116.2°— 2d crop crystals 

2 113.6° — 1st crop crystals 114.4°— 1st crop crystals No vegetable oil 
114.0° — 2d crop crystals 

3 117.0° — 1st crop crystals 117.6° — 1st crop crystals Vegetable oil present 

These results show no choice between the two methods with regard to 
accuracy. Each method led to uniformly correct conclusions. Choice 
between the two methods must then depend on other factors. The 
digitonin method offers the advantage of simplicity and convenience and 
has the disadvantage of demanding an expensive reagent, which also 
is limited in supply, and obtainable only with difficulty. The B. A. I. 
method lacks this disadvantage, but requires more time and labor for 
its manipulation. Both methods are decidedly superior to the present 
provisional method. 
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RECOMMENDATION S * 

It is recommended — 

(1) That the B. A. I. method for the detection of phytosterol in fats 
(B. A, I. Cir. 212), be adopted as a provisional method. 

(2) That the digitonin method as described in this report be also 
adopted as a provisional method. 

(3) That the glycerin saponification method for the preparation of 
fatty acids for use in the titer test (Bur. Chem. Cir. 108, p. 11) adopted 
last year as a provisional method, be made official. 

(4) That Emery's method for the detection of beef fat and other solid 
fats in lard (B. A. I. Cir. 132) adopted last year as a provisional method, 
be made official. 


PRESIDENT'S ADDRESS. 

By E. F. Ladd (Agricultural Experiment Station, 
Agricultural College, N. D.). 

Members of the association of official agricultural chemists: 
For the thirty-first time we, as members of this association, are gathered 
together to carry forward the work started by that little group of chemists 
who organized the association nearly a third of a century ago. Even 
though possessed of prophetic vision, little could they have realized the 
great benefits that would grow out from their modest beginnings, and the 
vast amount that would be accomplished in promoting agricultural 
chemistry in this country, or, how far-reaching would be the influence of 
the work of this association. The methods that have been developed 
and approved during these years have not only come to be generally 
recognized as official in American work and so accepted by the courts, 
but they are generally known and used in European countries. And yet, 
there remains before the association a great field, rich for the harvest, 
and chemists are anxiously awaiting the information. 

The regulatory work demanding the attention of the chemists coming 
through the enactment of new laws, has made a demand for more exact 
analytical methods in many fields of activity. Where we had formerly 
fertilizer laws, then feeding stuffs laws, we now have food laws, drug laws, 
insecticide and fungicide laws, sanitary laws, and moving rapidly towards 
us, is the perplexing work with paints, varnishes, textile fabrics and scores 
of other products that the official chemist must be prepared to handle. 
In many of these fields we shall need to call for aid upon the physical 
chemist, the biological chemist, the microchemist, the toxicologist, the 
physiologist, the bacteriologist, in fact, upon the whole realm of science 
to bring to bear their skill and knowledge in solving the problems of the 
people and to hold the prestige that is ours as workers in this great field 
now spread out before us. 
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The splendid work which has been done in the past and the commanding 
position for our association and its workers has been made possible by the 
generous aid of the Bureau of Chemistry in all of our undertakings, and, 
to a great degree, by the publication by the Secretary of Agriculture, of 
our past proceedings as well as of the methods of analysis, as now given 
in Bulletin 107, Revised. Our work can never end for each year presents 
us new problems to be solved, new investigations to be undertaken, new 
lines of research to be developed, which call for new and improved methods 
of analysis in the great field of agriculture as well as in the official regula- 
tory work for protecting the public health and in the prevention of fraud 
and deception. The work of this association has gained a place because 
the information resulting from these gatherings has been placed in an 
available form before the public for the use of our chemists. It is most 
unfortunate, therefore, that the Department of Agriculture has, by legal 
restrictions, been unable to continue the publishing of these important 
proceedings and, especially so, since the methods approved by the associ- 
ation, are now generally recognized as official under both State and 
Federal regulatory laws and, at a time, when we, as official chemists, need 
all the chemical information possible to be secured to aid us in preparing 
for our official duties. 

DISCUSSION OF PUBLICATION. 

As you are aware, the proceedings for the past year have not been 
published for lack of funds, and, since satisfactory arrangements therefore 
have not been perfected with any of the large publishing houses, it is 
vitally important that some means be found for a prompt publishing of 
the work of the association if we would continue to make progress, as is 
most essential at this time. 

A series of questions were sent out to a number of chemists to get their 
viewpoint, and the three questions propounded on this point were: 

1. How shall the proceedings of our association be published and made available 
for the general use of chemists? 

2. Should the association attempt to publish a journal to include the proceedings 
and methods of analysis? 

3. If an association journal be published should it attempt to care for other than 
official matters of the association, or should it include articles of interest to mem- 
bers of the association, including editorial matter of general interest? 

Fifty letters were sent out, to which there have been twenty-five replies. 
I can only in general terms analyze the statements made by the several 
writers without giving due credit to the authors in each instance. Five 
only were strongly in favor of publishing a journal. Twelve believed the 
association should publish an annual report of its proceedings. It is thus 
observed that but few are favorable to publishing a journal, chiefly on 
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the ground of expense, and, for the further reason, that there are already 
a large number of chemical journals available. It should be borne in 
mind, however, that there is no definite publication devoting its attention 
to the particular field of work which this association represents. Several 
of the chemists were strongly in favor of again urging the Department of 
Agriculture to publish the proceedings, as in the past, since the work is 
largely of an official character and must be the basis for analytical work 
in connection with the enforcement of food and drug laws, both State and 
Federal. 

On the other hand, there are those who are equally strong in favor of 
the publication of a journal quarterly to include the proceedings of the 
association and admit that there are many financial difficulties in the 
establishment and maintenance of a new journal, but believe that the 
labors of the agricultural chemists will justify the establishment of such 
a journal. 

Mr. Frear stated: 

The Association of Official Agricultural Chemists is probably the most broadly 
representative organization comprising the interests of agricultural chemists. 
Considering the volume of its present labors, I should not think it wise to enlarge 
the scope or program of its meeting, but I do not see why that should limit the scope 
of its journal to purely official subjects. As a matter of strategy, I would suggest 
that the proceedings of the association appear in sections, separately paged, and 
added as a supplement to the journal, and that the proceedings be distributed 
through the numbers of the journal in such a way as to promote its circulation among 
the various laboratories of the country, whose chemists need to keep acquainted with 
the changes in official methods and the reasons therefor. A separate pagination in 
this way would permit of its binding into a separate volume. 

Mr. Fraps stated: 

The proceedings should be published either as a single publication or in periodical 
issues. It does not appear to me that the subject matter lends itself readily to 
periodical treatment, but would better appear as a single publication. 

Mr. Alsberg, who has been acting for the committee appointed at the 
last association meeting, to examine into the matter of publishing the 
proceedings, stated: 

On the whole it seems to me that the reports have not been very encouraging. 
Personally, I feel that the journal could serve a valuable purpose in two ways: 
First — by printing a lot of material in the way of data and analyses which arc un- 
available to food, drug and feed control officials, and which arc more in the nature 
of statistics and, therefore, not available for publication in ordinary research jour- 
nals; second — by the stimulus it will give to scientific research. 

Analyzing the data as gathered thus far by Mr. Alsberg, it would appear 
that there are 98 subscriptions promised and 20 probable subscriptions, 
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or, a total of 118 subscriptions. This is hardly a sufficient guarantee to 
warrant one in proceeding with the publication of the journal. The 
matter is, therefore, at this time placed squarely before the association as 
to what steps shall be taken with regard to the publication of the pro- 
ceedings of this association. Shall the association attempt the publication 
of its proceedings in pamphlet form, to be furnished to the members of 
the association, and sold to those interested in the work, or, shall the 
association take steps looking toward the publication of a journal or 
periodical, say quarterly, and thus be able to avail itself of the postal 
rates, at the same time furnishing a medium for the publication of a vast 
amount of information of great importance to the agricultural and food 
chemists, and in this way stimulating research work in agricultural and 
food chemistry? For example, like the Analyst of London for the food 
work and supplements each quarter to contain the proceedings and revised 
methods of analysis, or, after the fashion of the Zeitschrift fur Analytische 
Chemie. In either case, how can we finance this undertaking so as to 
ensure success? 

As an association we can not afford to neglect publishing our proceed- 
ings, but it does seem to me that we may well edit out a portion of the 
material in the published proceedings and summarize more fully the data. 

Many think too much time is given to hearing the reports of the referees, 
and not enough to the discussion of results, or to the methods which are 
proposed for the use of the association. 

Professor Christensen of New Mexico thinks it would be far better, 
instead of publishing a new journal, to try to affiliate with the American 
Chemical Society in such a way that some one of the journals of that society 
would create a section on agricultural chemistry to be devoted to articles 
bearing on the various phases of agricultural chemistry and such other 
matters as may be of special interest to the Association of Official Agri- 
cultural Chemists. 

Undoubtedly, the secretary will be able to present to you some further 
information with regard to the possibilities of publishing the proceedings 
of this association. 

REFEREE AND COLLABORATIVE WORK. 

.With the vast number of research problems confronting the members 
of this association, the question is raised as to how we shall secure the best 
possible results in a reasonable length of time. There are those who 
have thought that some improvement might be made in handling the vast 
amount of work now in the hands of the referees. Some have felt that 
too much time, at the association meetings, is taken up in the presentation 
of formal reports and the immense amount of detailed analytical data 
quite impossible for the hearer to follow; that not enough time is given to 
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the discussion of important matters before the association. If this be 
true, how we shall remedy it is a perplexing question, and it is my purpose 
to point out some of the opinions expressed by our members in order that 
the matter may be brought more directly to your attention; trusting, in 
this way, that we may be able to find a remedy. 

None seem to think it desirable to discontinue our present methods, 
especially, the sending out of samples to try out methods, but the chief 
point seems to be that too large a field of work is assigned and that by 
restricting the work to a narrower field or to a single problem, more could 
be accomplished. Again, not enough interest is taken in many of the 
laboratories, my own included, to accomplish what should be done in 
collaborative work. The least experienced, in reality, apprentices, too 
often are entrusted with the analytical work of trying out the methods 
because our laboratories arc overcrowded and so render it practically 
impossible for the better trained men to do work of this kind. So the 
work is slow and, at times, possibly methods have been condemned be- 
cause there has not been a fair try-out by well trained chemists. Can we 
not accomplish more by having two types of work? Let chemists be 
appointed individually, or in group committees of three, as may seem 
most desirable, chemists who are known to be interested in certain fields, 
tb take up the necessary research questions and to develop methods; and, 
when this much has been accomplished, turn the matter over to the 
referees that the methods may be tried out by a few select workers in the 
same field before the testing-out process begins by sending out samples. 
By this method it seems to me that a half-dozen research problems could 
be attacked by different workers, where we now have only one. Methods 
could be developed which would be far more satisfactory and the work 
done much more rapidly than by the present system. Let us not, however, 
lose any of the essential benefits arising from the splendid line we have 
already developed. As illustrating the views of different chemists, I 
quote from their statements. One stated : 

The only criticism I can make of the work of the referees is that they have in 
many cases been assigned a great subject which involved a lifetime work, or, at any 
rate, work for many years to cover it completely. It would be a big improvement 
in my opinion if, instead of assigning general subjects, little portions of that sub- 
ject be assigned by the Executive Committee, according to a definite plan, so that 
only one small investigation at a time is occupying the referee. Then the whole 
subject will be gradually covered by the referee, or a scries of referees, in the course 
of a few years. 

A subject like feed adulteration, for instance, in general terms, without any spe- 
cific problem involved, does not seem a profitable way to get any clean-cut results. 
More, I think, could be accomplished by selecting one or two definite forms of adul- 
teration and instructing the referee to work and report on that instead of letting 
him wrestle with the whole subject. 
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I feel very strongly that the referee should be given the greatest amount of free- 
dom in the handling of his subject. I also feel, however, that in outlining his work 
he should only plan for as much as he feels he will be able to complete during his two 
years as referee. Then, if it is the feeling of the association that he has rendered 
very valuable service, he might be reappointed to continue the work. I think, 
however, that this latter course is only advisable in unusual cases. 

The question of sending out samples is largely dependent, it seems to 
me, upon the work in hand. In many cases it will doubtless be necessary 
for the referee to devote his entire time to research. Again, he may have 
his methods worked out after a few months to such a point that he feels 
the need of cooperation and confirmation of his own results. In such a 
case I think too much emphasis cannot be laid upon sending out samples. 
I do feel, however, that the samples should not be sent out until after the 
referee has done a great deal of research and worked on the method fora 
sufficient time to have a very definite opinion in his own mind as to the 
practicability of the method. I feel that this is necessary owing to the 
fact that the referee, after working with a method for a long time, often 
becomes so familiar with it that in his hands it gives very satisfactory 
results, whereas, in another’s hands, it may not prove satisfactory. 

Another, connected with one of the leading experiment stations stated: 

It has never seemed to me that the present method of trying out analytical meth- 
ods has amounted to much. Progress in analytical chemistry has come from the 
specific and individual interest of a chemist in a given research and for which it has 
been necessary to develop the best methods possible. The present method fails to 
bring out the critical attitude of the analyst, but merely blindly follows printed 
directions. If assignments could be made to those individuals particularly interested 
in the method under investigation, then, I am sure, very much would be accom- 
plished. 

Another stated: 

In the development of new methods investigation is necessary, but in the testing 
of methods proposed for adoption, the collective testing of methods is necessary. 
The system of sending out samples is to a certain extent overdone, as sometimes 
methods are sent out which have not been tested sufficiently by the referee himself. 

Another station chemist stated: 

It is our belief that assignments by a referee of work to a laboratory which has 
become known because of its special attention to that subject, would lead to better 
results than by the present system. It is our belief that in a great many cases poor 
results are secured by the use of a good method because of the inexperience of the 
worker. 

Another Western chemist stated: 

I think the assignment of subjects for investigation to individuals might be pro- 
ductive of a higher grade of work, also new and better methods. 
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An Eastern chemist stated : 

I like the present system of sending out samples by the referees to try out methods, 
but think that the methods should be thoroughly tried out by the referee before 
sending out his samples. The trouble with this method seems to be that much of 
the work is now being done by the younger and more inexperienced chemists, making 
the matter rather a trial of men than methods. 

Another: 

For improvement in the work of the association, my suggestion would be to select 
some subjects and assign them either to committees or to individuals. We have 
already made a beginning in this direction in the matter of methods for basic slag. 
I feel that we should make further progress along this line, at the same time, continue 
to study methods thoroughly by sending out samples before undertaking to adopt 
the methods proposed. 

Another: 

It has seemed to me that too much time was taken up with reports on analytical 
methods with its tiresome array of figures, and not enough upon some new phases 
of agricultural chemistry, possibly even outside of analytical work. In other words, 
not enough time is set aside for the presentation and discussion of papers dealing 
with new investigations in our field. 

The general tenor of the statements from the other chemists is similar 
to those already presented and indicate that there is a belief that at this 
time we can make progress more rapidly by inducing chemists who are 
interested in some special field of work to take up some individual problem 
and develop methods satisfactory therefor; and then, possibly, these 
methods be turned over to the referees who will proceed to try them out 
after they have been carefully tried out by associate chemists interested 
in the same field of work. 

I would also call your attention to the desirability of increasing the 
membership of the Association of Official Agricultural Chemists. And 
in this connection would it not be desirable to admit to membership 
chemists representing municipal organizations, who work along the same 
line as that of our association? I am informed that the secretary has had 
several requests for membership in the association by official municipal 
chemists, yet, according to our Constitution, these men are not entitled 
to admission. Should the Constitution be amended so as to admit to 
membership chemists who are engaged in municipal work? 

Other suggestions have been made as to how to improve the efficiency 
of the association, and among these suggestions is one that the referees 
take up too much time of the association in submitting their reports. 
Should the report of the referee be restricted, say, to 15 minutes? If 
this be done only an abstract of most reports would be presented to the 
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association, and in this event the Committee on Recommendations would 
have to go over the whole report in more detail than they do at the present 
time, thus, throwing more work on the committee, but it is the belief of a 
number of the members that such would tend to make the meetings more 
interesting and allow of a fuller discussion of subjects before the association. 

It has been suggested also that a committee be appointed to go over 
very carefully the official methods of analysis as now published and in- 
clude among the revised methods only those which have been actually 
demonstrated to be of value and dependable. 

One chemist with regard to recommendations made the statement: 

I think it is about time to get some method for determining available phosphoric 
acid in fertilizers which makes use of a more dependable reagent than so-called 
neutral ammonium citrate. I think it would be well to take up and push rapidly 
some work along this line. Perhaps, try out some of the methods proposed by the 
fertilizer section of the American Chemical Society. 

The general tenor of a number of the replies is that the methods and 
important data of the convention are not gotten out as early as they 
should be and made available for the use of official chemists. This im- 
provement coilld best come through the publication of an official journal 
by the association. If a quarterly journal could be published under the 
auspices of the association, I feel confident much good would result and a 
greater stimulus would be given agricultural chemistry, such as has never 
been known in this country. Our workers would be more closely welded 
together and the benefits would be far-reaching. If, too, the Chemical 
Section of the National Association of Dairy, Food and Drug Officials 
could be induced to cooperate with us and use one issue for the proceed- 
ings of their section, it would, in my judgment, be a most desirable aid to 
our official work. Some method must needs be devised for publishing 
the proceedings if we would continue to make growth, and I strongly urge 
upon all our members to consider carefully at this time the best method 
to handle this important matter. 

RECOMMENDATIONS. 

As suggestions for the consideration of the association and for the 
betterment of the work in order to enable us to accomplish the greatest 
amount of good and to insure the fullest value in our undertakings I 
recommend — 

(1) That there be appointed a committee of four or five members 
who are familiar with the work of the association and the problems con- 
fronting them for the purpose of receiving suggestions from members of 
the association with regard to problems to be solved and that the said 
committee canvass carefully the suggestions made, formulating there- 
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from plans for the future work of the association, determining what par- 
ticular problems are best taken up and find possible chemists interested in 
this particular field of work and assign to them such phases of the work 
as may be carried out in a reasonable period of time, keeping in mind a 
definite policy for the development of the work. This committee might 
well be composed of one man fully familiar with soils and agriculture 
problems, another with fertilizer problems and another member to be 
familiar with the questions involved in food and drug work. 

(2) That the association take action at this meeting looking to the 
publication of the proceedings and it seems to me after canvassing the 
situation carefully that a quarterly will afford us the best means of placing 
before the chemists the work of the association and enable us to take ad- 
vantage at the same time of lower postal rates. 

(3) That a time limit of 15 minutes be placed upon the papers and 
reports and that members be urged to condense as fully as possible the 
material that is necessary to report leaving the great mass of figures to the 
consideration of the committee or referee. 

(4) That the time has come when the work might well be divided for 
one half day and two section meetings held, one dealing strictly with 
agricultural problems arid the other with food and drug work. In this 
way the two sets of chemists would be permitted to select such meeting 
as they deem most nearly fitting their particular line of work; all other 
papers and discussions would then be presented in the full session. This 
would shorten the period of the meeting and permit, discussion on the part 
of members. 

(5) That there should be introduced more material which deals with 
problems, short papers or addresses that would be of general interest to 
all the members and that the time has come when our work should not be 
confined so exclusively to detailed methods of analysis but that there 
should be added constructive suggestions to encourage and stimulate 
investigation on the part, of our younger members. 

REPORT ON PROPOSED JOURNAL OF AGRICULTURAL 

CHEMISTRY. 

By C. L. Alsberg (Bureau of ( hemistry, Washington, P.C.), Secretary. 

After giving much time and thought to the matter of publishing the 
proceedings of the association, and consulting with many members of the 
association and with various printers, I have reached the conclusion that, 
considering the high standing of the firm, and its great experience in pub- 
lishing research journals, the proposition submitted by the Waverly Press 
of Baltimore, is a very fair one and the best we can secure. Unfortu- 
nately, few publishers are ready to assume even so great a risk as this. 
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This firm promises to publish a quarterly journal to be known as the 
Journal of Agricultural Chemistry, to be restricted to agricultural, food, 
and drug chemistry, to contain not less than 600 pages per volume of 4 
issues; to print, bind, publish, issue, mail and distribute same; to edit 
manuscript; pay all expenses; solicit subscriptions and advertisements, 
but not to pay anything to authors for manuscript and copy for illustra- 
tions; to submit all matter to the managing editor for approval before 
incorporation in the journal; and to submit a make-up copy to said editor 
before publication. This journal is to be in all respects like the Journal 
of Biological Chemistry, published by the Waverly Press. 

The association, on the other hand, must agree to the use of its name in 
every legitimate way in the solicitation of subscriptions and advertise- 
ments; to furnish a list of possible subscribers and to use all reasonable 
efforts to further the interests of said journal. 

The subscription price is to be $5.00 payable in advance, but members 
may subscribe at $4.00. The publishers are to collect and receive all 
money for subscriptions and advertising and keep a list of subscribers, 
their records to be accessible at all times to the association. At the end 
of every twelve months, an account is to be rendered to the association. 
They are to be repaid, if sufficient funds are available, for all disbursements 
and expenses, and interest on money advanced, plus profit equal to 10 per 
cent net profit over and above all costs of material, labor, etc. They 
shall also receive a profit of 10 per cent on gross receipts. The 10 per 
cent publisher's profits, however, are not be be paid until such time as the 
income of the journal warrants. The association, in turn, is to receive an 
amount equal to the publisher’s profit, and any remainder shall be equally 
divided. The association guarantees to pay any deficit up to $1,000.00 
during any period of twelve months with the understanding that all 
advertising is to be credited to cost of printing the journal. 

This agreement is to be binding for five years, with privilege of renewal 
at expiration of such time. 

In case any of you are unfamiliar with the work of these publishers, I 
would refer you to the Journal of the Washington Academy of Sciences, 
the Journal of Biological Chemistry, the Journal of Pharmacology and 
Experimental Therapeutics, and the Journal of Phytopathology, published 
by this firm, all of which, as you doubtless know, have given splendid 
satisfaction. 

The publishers feel that the publication would be more attractive if 
it appeared in journal form, and more so, if it included the official methods 
which in the past have been issued in bulletin form from time to time by 
the Department of Agriculture. This has the advantage to the chemist 
of getting such official methods before the public as soon as they are adopted, 
instead of waiting for periodical revisions of Department publications. 
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The data contained in Bulletin 107, Revised, of the Bureau of Chemistry 
could be published either as a part of the journal or as a supplement, and 
the recommendations and reports of referees could be issued as they are 
received. In this connection, of course, the question as to whether or not 
the Secretary of Agriculture would be willing to relinquish the publication 
of official methods would have to be presented to him for final settlement. 

I feel that the question of getting advertising matter should be very 
seriously considered. If it is deemed advisable to secure advertisements, 
they would, of course, have to come under the strict censorship of the 
committee in charge of such journal or the managing editor. The pub- 
lishers pointed out very justly, it seems to me, that as an advertising 
medium for dealers in apparatus and glassware, publishers of books, 
manufacturers of chemicals, various types of farm implements, apparatus 
and machinery, this journal would have considerable advertising value. 
Inasmuch as all proceeds from such advertisements are to be credited to 
the journal printing account, the number of subscriptions necessary would 
be correspondingly decreased, and this is a matter well worth careful 
thought. 

It is estimated that $3,000.00 a year will be required to finance the 
journal, which would mean 600 subscriptions at $5.00 each, or 750 sub- 
scriptions at $4.00 each, provided it is thought best not to include adver- 
tising matter. It is also necessary that a fund be raised as a guaranty, 
as the subscriptions during the first year or two will probably not be 
sufficient to defray the entire cost of the publication. 

The responses received to the circular letter sent out under date of 
June 15, 1914, asking for subscriptions to the journal, and contributions 
to the guaranty fund, have not been as promising as^ was anticipated. 
A number of members of the association have written stating that they 
feel there are already too many scientific journals, and that it would be 
inadvisable to publish a journal for this association; also that the sub- 
scription price is a little excessive. Still others have suggested that the 
journal be published by the American Chemical Society, and the official 
methods be published by the Department of Agriculture, as has been the 
custom in the past. Another suggestion is that in place of calling the 
publication the “Journal of Agricultural Chemistry,” it be known as the 
“Journal of Official Chemists,” thus giving it an official status. It has 
also been suggested that in place of having the annual dues $2.00, they 
be increased to $10.00 which would include subscription to the journal. 
In this way the institution would pay for the dues as well as the journal, 
and it would not fall so heavily upon the individuals, as might be the case 
if the dues remain as they are at present and a separate subscription price 
were assessed for the journal. Still others feel that the dues should be 
entirely dispensed with or materially decreased. 
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The following is a brief statement of the financial status of the journal 
at the present time. 


Subscriptions promised 98 

Probable subscriptions promised 20 

Cheoksin payment of subscriptions, total $60.00 

Gash on hand toward guaranty fund 114.00 

Amount promised toward guaranty fund 205.00 


Total cash on band $174.00 


In addition to this there have been a number of letters from members 
stating that they will give financial assistance in the way of launching 
the journal, and others have written that they will do their utmost to 
secure additional subscriptions. Personally, I feel that when once the 
journal appears, the demand for it will be very much greater than the 
figures just read would indicate. I am of the opinion that we would have 
no difficulty in finding ten men who would put up one hundred dollars 
a year for five years, if need be. A detailed statement has been prepared 
giving the names of the individuals or organizations who have promised 
to contribute to this project, and should any one desire to consult this 
list it will be found at the registration desk. 

It is my personal opinion as secretary that such a journal would 
probably very soon be self-supporting, because it would contain very 
much material which would be necessary to professional and commer- 
cial chemists, as well as to agricultural, food, and drug chemists, and feed 
control officials, and I personally am under the impression that five or 
six hundred subscriptions could be easily secured even in the event that 
we do not include advertising matter. 

The discussion of the proposed Journal of Agricultural Chemistry 
was postponed until the afternoon session and the meeting adjourned at 
12.40 to reconvene at 2 p.m. 
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PROCEEDINGS OP THE THIRTY-FIRST ANNUAL CON- 
VENTION OF THE ASSOCIATION OF OFFICIAL 
AGRICULTURAL CHEMISTS, 1914. 

SECOND DAY. 

TUESDAY— AFTERNOON SESSION. 

At the opening of the afternoon session the committee appointed to 
call on the Secretary of Agriculture reported that he was unusually busy 
and regretted that he could not accept the invitation to speak to the 
association. 

DISCUSSION OF THE PROPOSED JOURNAL OF 
AGRICULTURAL CHEMISTRY. 

Alsbbrg: The journal should give precedence to the proceedings. When the 
proceedings are out changes in official methods should follow immediately, and if 
there is any further space available it should be for the publication of such scientific 
papers as might be submitted. 

Fbeah: I feel quite confident from some experience that I have had in the pub- 
lishing line that the real difficulty is in securing a fair amount of advertising that 
would pay part of the cost of publication. I do not believe that the advertising space 
rate could be placed at a very high figure, or corresponding with that of a much more 
widely-circulated journal as, for instance, the journals of the American Chemical 
Society. No doubt there is a great amount of material that could be included with- 
out any embarrassment. There is advertising matter which could not be included 
at all, and for which the advertisers would be willing to pay much more. Probably 
the advertising that undesirable material would not be accepted would obviate any 
trouble between the management and the publisher. 

I have had some question about the need for a journal and material other than 
purely official material, yet I am satisfied that the need exists in some degree and 
that it would be a drawing feature; there is already on the part of the management 
of the journals of the American Chemical Society the need for space. The result 
is constant pressure on the part of the editors to restrict the volume of publications. 
That, undoubtedly, is desirable in many instances, just because it is desirable to 
eliminate matter that is not of major importance, but it results also in the restric- 
tion or elimination of discussions, which many of the papers merit. 

I feel, furthermore, that official publications, such as those we have in mind, ought 
to be strictly in the hands of the officials responsible therefor, and that *we should 
be able, representing as we do, not simply individuals, but institutions, to provide 
mepns for the satisfactory publication of that material, which we have gotten to- 
gether because of the mandates of the institutions which we represent. I have no 
doubt at all, speaking for my own institution, that we could increase in reasonable 
proportion, our institutional subscription for the support of the association. There 
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would be absolutely no objection to caring for part at least of the publication ex- 
penses until the journal could be gotten on its feet by advertising and subscriptions. 
There is no question in my mind that many might rely on the trade journals for their 
information without coming to us for it. There are ways by which copy of such 
material might be restricted. The question of wisdom and policy is another mat- 
ter of great importance. Still speaking as one of the members and representing 
one institution, I will say that I am ready to do what I can to help get our publi- 
cations out. 

Trowbridge: I have one or two points to bring out. This is an official body 
representing not individuals but institutions. There will be no difficulty in getting 
our institution to pay its part toward the publication. I suggest that each insti- 
tution pay $25 or subscribe for five copies of the journal. Then, as individuals, all 
are willing to pay subscriptions for personal use for financial help. I* feel that it 
would be an advantage to have our own journal rather than have our proceedings 
published in the journal of some other association. 

Hartwell: I am opposing the publication of a journal for the sake of discussion, 
not from personal opposition. All the States would not be ready to subscribe 
four or five copies and the individual analyst would be more handicapped than 
when volumes could be purchased by individuals. The matter might be presented 
to the Department of Agriculture that the proceedings be printed and sold but 
not given out. I, too, regret a little bit the multiplication of journals, and I 
have in mind the thought that possibly our prime work is in connection with analyt- 
ical methods. Possibly this association can scarcely interest itself in the practical 
questions of agricultural chemistry. Possibly it has so much to do now that we can 
scarcely hear any number of agricultural papers unless they have to do with the 
analytical methods. A section of the American Chemical Society has already 
studied this question. It has been indicated by some that our Journal of Indus- 
trial and Engineering Chemistry is already overcrowded. If it were not, it seems 
to me it is not an inappropriate place to have a boiled down record of our proceed- 
ings. The methods could be taken care of in some way by the sale of an appropriate 
volume that could be secured by anyone at a nominal cost. I doubt a little if this 
association can broaden out to take up broad questions of agricultural chemistry, 
and I would like to leave these thoughts with those in authority while considerng 
this matter. 

Brinton : There has been much discussion about what the American Chemical 
Society can do. I think that while I have no authority to make this statement that 
there is no possibility of counting on the American Chemical Society to do anything, 
the consensus of opinion is that it is absolutely impossible to count on them. There 
would be no possibility of getting a fourth journal without increasing the dues of 
the American Chemical Society, so that we might as well abolish at once any hope 
in that direction. 

It seems to me that there is no question but what we should devise some way of 
having our proceedings and methods published and it is only a question of the ways 
and means. Other organizations have published their proceedings, do it every year, 
and as Dr. Alsberg has explained, it is only a question of practically putting up a 
guaranty fund of $1,000. When he sent out the letter in June that we would have 
to guarantee $3,000, 1 thought it was practically impossible, but $1,000 does not look 
that way. Therefore, I believe that if the matter is taken up in the proper manner, 
this material can be published and in order to promote discussion, I make a motion 
that the association publish its proceedings and the methods of analysis, the method 
of financing to be decided later by the present committee or the committee to be 
appointed. 
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President: Moved and seconded that the association publish its proceedings, 
leaving as I understand the details to the executive committee. Any discussion of 
this question? 

Davidson: I would like to ask Dr. Alsbcrg if he has any estimate for publishing 
the proceedings as a separate volume? 1 want to say that I am rather opposed to 
the publication of a journal, whether we should call it an agricultural journal or 
a journal of this association, because 1 think we have altogether too many journals 
now and the financial side should be considered very seriously. I do not think we 
ought to burden the members with another journal, and that if we could in any way 
publish the proceedings of the associat ion by themselves and then the methods of 
analysis as a separate volume that would be used as a kind of textbook for which 
a price could be charged, 1 believe that the demand for that book would be sufficient 
to pay the expenses of its publication and probably a great part of the expenses of 
the proceedings, and I think it would be advisable for the Executive Committee 
to take up that side of the question. It could be turned over to a a printer and he 
would be responsible for financing it until such time as the revenue amounted to 
enough to float it. I do not know whether you could get enough members to pledge 
to purchase them. It has been suggested that in the publication of a journal we 
would get considerable advertising matter, but I do think that the demand for the 
methods, which of course would not include advertising matter, would be sufficiently 
great to pay for the publication of both and for that reason I am rather opposed 
to that journal 

Fraps: It appears to me that in order to get these proceedings, whether by jour- 
nal or in a separate volume, it will be necessary to make some changes in the Con- 
stitution of this organization, especially in regard to the dues that are being paid. 
In order to raise a guaranty fund, or to provide for the publication of the proceed- 
ings, the present dues, will have to be increased. This is an official organization 
representing official bodies and it is quite possible that we should have two or three 
classes of dues. The experiment station offices, or such offices, could pay com- 
paratively large fees, say S10 or $20. The Association of Agricultural Colleges and 
Experiment. Stations, 1 think, charge as much as $35 a year for the organization. 
Next, it might be advisable to have contributing members composed of, I am a little 
doubtful about this, but composed of organizations not official — but who are vitally 
interested in these matters, who might pay $2 which would give them an opportunity 
to contribute to the publications of these meetings or to finance this journal. Then, 
in the third place, we could have individual members who might pay individual 
dues at a fee to cover the approximate cost. In that way, we would have official 
recognition of the various bodies that compose this organization, and the burden 
would be shifted from the individual members where it does not belong to the body 
where it does belong. I do not know what difficulty would be in the way of the 
different stations or departments in regard to the payment of these dues, but these 
large dues are paid by the Association of Agricultural Colleges and Experiment 
Stations and they publish their proceedings from these fees. This appears to me 
to be the chief thing to be settled, the financial end. 

The manner of the publication is, of course, a separate and distinct matter for 
consideration. The dues, which I believe are $2 at present, are insufficient to raise 
any guaranty fund. This organization, with that amount of dues would not be in 
position to guarantee any amount of money and it does not appear to me to be compati- 
ble with the dignity of this organization to ask individuals to place financial obli- 
gations. It should lay upon the organization where the benefit is conferred. 

I am rather in doubt as to whether to publish a journal or separate. Both have 
their advantages. The journal would get better postage rates, but, on the other 
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hand, the separate proceedings would be one publication and would be recognised 
as official. 

Van Slyke : I have nothing in the way of suggestions to offer. My own attitude 
of mind is, the more suggestions that are coming in, the less I know where I am. 
I do feel this, that we are practically abandoned by everybody, and that we have been 
practically thrown into the stream and told to swim out if we can. I believe that 
we can. Even the publication of a quarterly journal, involving a guaranty fund of 
$1,000, seems not unreasonable. It seems to me that it ought to be within easy reach 
of attainment. After Dr. Alsberg’s report this morning I felt more encouraged than 
I have at any time before. It seems to me that it would be a disgrace for the associa- 
tion to say we cannot do anything— we cannot publish our methods. Personally, 
I believe that there is room for a journal. I am rather glad that it is practically 
impossible for the American Chemical Society to take it up, because, so far as I 
have known, the attitude has not been altogether one of apparent satisfaction. It 
may be that the financial question is the whole thing back of it. I have been quite 
dissatisfied with the publication of any of our papers in the Journal of Industrial 
and Engineering Chemistry; it seems that the articles pertaining to agriculture 
are rather lost sight of in a journal of that sort. 

I think that we ought to come to some decision here today, or at least to come 
to a decision that will be the basis of action. I would like to ask one question for 
information. Is the Department of Agriculture, is the Secretary of Agriculture, 
willing to publish the methods, or is it definitely decided that the Department will 
not publish our methods? 

Alsbebg : It has not been definitely decided that the Department will not publish 
the methods. In fact, I have not taken that particular question up seriously. I 
have no reason to believe that Bulletin 107, Revised, cannot continue to be published 
by the Department. I can find out very easily in a few moments if that is desired, 
but I will say that the present administration of the Department feels that its print- 
ing funds are enormously overtaxed, that the Department’s mission is very largely 
an educational mission, and as to the publication of a bulletin of official methods, 
while the Department probably would be willing to continue them, it would rather 
welcome the idea of being able to spend that sum of money on publications that 
will have the educational value that, of course, Bulletin 107, Revised, has not. It 
is a technical bulletin and the tendency of the Department is to promote the publi- 
cation of technical matter in a technical journal, and confine its publications to the 
things that are of immediate educational value. That is at present the tendency 
of the Department. 

I want to answer the question which Dr. Davidson asked me when I was called 
to the telephone. You asked me the cost of printing the Proceedings and Bulletin 
107, Revised. I can tell you pretty definitely. The average cost to the Department 
is $1,700 for the proceedings and it costs in the neighborhood of $2,500 to publish 
Bulletin 107. That does not include, as I remember, the cost of stenographers, 
typewriting, and other clerical work, which is very heavy. I believe the cost of 
proof reading, typewriting and editing the proceedings took about one-third the time 
of the editor of the Bureau of Chemistry. The cost of editing Bulletin 107, Revised, 
is not so great as the cost of editing the proceedings, because the manuscript is in very 
much cleaner shape and is about ready to print. But still these figures do not in- 
clude all this stenographic, editorial, and clerical work. 

Now, of course, we know the cost to the Government to do printing is commonly 
believed to be greater than it is in ordinary commercial work. It does more care- 
ful work in some ways, uses better paper, and there are other reasons probably why 
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it costs a little more to print the thing through the Government than otherwise. 
Now the cost of printing the proceedings could be considerably reduced by cutting 
down discussions, printing on paper that is not quite so good, and economizing 
in that way. 

I do not think the cost of printing the proceedings could be less than $1,200 un- 
less we cut them down a great deal, and probably for not less than $1,500, and the 
official methods, which include a certain number of illustrations, would be several 
hundred dollars more than the proceedings. It will depend upon the degree to which 
we are willing to cut the thing down. I can get very accurate figures if that is 
desired. 

Ladd: Owing to the method in which the Government makes its publications 
would it not take much longer to get it out by the Government? 

Alsberg : Of course the commercial printer could turn it out as soon as he gets 
the manuscript and there could be a penalty if he did not turn it out in a reasonable 
time. My experience is in the Government that you can get an emergency printed 
overnight, but when it comes to a bulletin we would consider it quick work if we 
got it in six months and probably in eight or ten. I know of one case when a bulle- 
tin did not appear for two and one-half years after the manuscript was submitted. 
Dr. Bigelow has had more experience than I along this line. Isn’t it your experi- 
ence that six months and probably eight are required? 

Bigelow : The best is three after they have the manuscript, and then whether you 
get it in three months is whether Congress is in session and if Congress is in session 
it takes considerably longer. 

Alsberg: So the main trouble is you could not guarantee how long it would take. 
It might be two or three or four or five or six months and probably six or eight. 

Bigelow: And whether the funds give out. 

McDonnell: One thing that occurs to me, and that is, tjie fact that we would 
probably want the proceedings all in one part, and that would make the most of the 
publication come in only one part, while the other three parts would be small, or if 
we had to publish the methods, provided they are not published by the Government, 
that would make another large volume, for which there would no doubt be a special 
demand, and there should be an extra edition but the other consideration as to how 
it is proposed to divide the four or more parts would be a problem. 

Alsberg: There are two chief advantages. One of them is that the printer is 
willing to give a better figure on work that comes regularly, so that he can provide 
regularly for it, and the other feature is, of course, the Post Office rates on mailing 
are favorable to a periodical. Those are the only advantages in having a periodical. 

McDonnell: Was it proposed to divide the proceedings into four parts? 

Alsberg: Well, I think those are details which the committee did not consider. 

I had in mind that we wanted it a quarterly, but it did not need necessarily to be 
issued at intervals which were three months apart; that it would be issued as fast 
as the material could be gotten together and the proceedings put into the first num- 
ber as far as they could be. If they could all be put into the first number, well and 
good, and if not all right, then into the next number, etc. That had really not been 
discussed. 

McDonnell: It is necessary to state to the postmaster when the publication will 
come out. 

Alsberg: I had not looked up that special feature. I did not know that it was 
necessary to state that it would appear at stated intervals. 

McDonnell: I published one and I know it is necessary to state when it will ap- 
pear in order to get the cheaper rates. They rather prefer that you state it will 



586 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. /, No. 4 


come out at a certain time, but if it gets out any time within the quarter the Post 
Office authorities make no objection. As soon as it gets out of the quarter they do 
object. 

Davidson: I would move that this matter be referred today to the committee 
and that they make provision for the publication of the proceedings and the methods 
not as a journal, but as those two publications. I believe that is better than to re- 
fer it to the committee and have them wrangle over it. 

Biunton: I think that was my original motion. 

Ladd : An amendment has been accepted that the Executive Committee be author- 
ized to publish the proceedings and methods of analysis, leaving it for them to de- 
cide as to how they are to be published. 

Van Slyke: Are they authorized to raise the fund? 

Ladd: I am inclined to think you would have considerable trouble. 

Davidson: Would this publishing house be willing to take it. 

Alsberg : They would not take over any of the risk. Under this arrangement 
they probably take over two-thirds of the risk, and they make a fairly reasonable 
price, I think, calculating that price on a basis of 10 per cent over what it costs 
, them. No doubt we could get it done a great deal cheaper by an ordinary printer, 
and that would be the most advisable thing if we are going to print just the pro- 
ceedings and the transactions. We might just as well have it done as a job of print- 
ing. We could probably make a contract with this concern to do it somewhere in 
the neighborhood of $1,500. 

Trowbridge: I do not feel that we ought to turn down the proposition of the 
journal after the report of the committee, which has made the investigation it has 
and has made the recommendation it has. I think we can see at a glance that this 
publication of the journal could include without any difficulty the publication of 
methods because we would get our revisions more rapidly in that way. We would 
get it in parts with separate pagination so that as soon as the revision was com- 
plete we would have no difficulty in binding it in the one volume of the revision, 
and furthermore, the committee could continue with separate pagination for meth- 
ods as fast as they were completed, so that we could always have our methods up 
to date to incorporate as an addenda. I would like to see either the Executive 
Committee or a special committee have the right to make the arrangement as to which 
ever way they see fit, and I would like to offer an amendment to give the committee 
power to make it a journal if, in their opinion, it seems best. 

Seconded. 

Ladd: Instead of putting up a guaranty of $1,000 I feel confident that if we are 
to publish the proceedings and Bulletin 107, Revised, we will have to guarantee to 
some publishing house between $3,000 and $4,000 and pay for it as soon as it is pub- 
lished. I just mention that as one of the incidentals in the work of the committee 
in the past year. 

Davidson: Won’t it be pretty hard to get $1,000? Of course it would be much 
easier to get $1,000 than $3,000 or $4,000. Suppose that we could finance it in any 
way, I believe that we could sell 1,000 copies at $2 each. Of course I recognize the 
fact that the financing is awfully hard. How are we going to finance it at all is the 
important question before the association as a whole. 

Ladd: I think Dr. Alsberg’ s statement was that $205 had already been pledged. 
I know that I have promised to guarantee a certain amount and others have done 
the same. You left it in the hands of the committee last year. The committee 
have not felt that they were in position to go ahead because they did not have a 
financial backing, and I do not want to see it left so that it will prevent the publica- 
tion for another year. 
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Doolittle : There is one question that has bothered me a little bit, not knowing 
whether or not it would make any difference to the experiment stations whether 
this was published in the form of a journal or in the form of proceedings. I feel that 
as Dr. Fraps has said that the expense ought to go back to the institutions whom we 
represent, and the question has arisen in my mind whether or not it will make any 
difference with these officials whether or not they were paying for a volume of the 
proceedings or whether they were paying for a journal. 

Fraps: I will say that as far as our institution is concerned I think we can pay 
dues of $10 or $25, but I do not think we could subscribe to five volumes of the journal. 

President: The details can be worked out later. Let us come back to the mo- 
tion authorizing the Executive Committee to publish the proceedings of this asso- 
ciation, cither as a single volume of proceedings or as a quarterly, if I understand 
it correctly, including the methods. All in favor of question say yea, opposed nay. 

Motion unanimously carried. 

Frap 8: I move that a committee of three be appointed to consider the question 
of dues so as to assist this committee. 

McDonnell: We now have two years’ proceedings due, how about last year’s 
proceedings? We should have enough material to proceed at once and get out 600 

pages. 

Alsbero : The 600 pages was just a provisional basis for the publishers, and they 
took it on the basis of other scientific journals. We could get the same contract 
in proportion for any number of pages we want, if we publish one volume in one 
year or two years as w r e wish. 

Abbott: The status is that the Executive Committee are to have that published 
and they have to wrestle for the wherewithal to get that done. Well, we have them 
in a pretty good hole. We might leave them here and let them get out as best they 
can, but it strikes me it might be a good plan to devise a scheme to assist them out 
of that predicament. How* are we going to get that money? Personally, I would 
be one of ten or twenty or fifty to guarantee $10 or $20 or $50, if necessary, to this 
Executive Committee to pay for the printing of that material. 1 do not know r how 
the association feels about that, but I do not know how else we are going to get it 
except by every fellow who is interested to make such a personal guaranty. 

Fraps: If the dues arc made sufficient, the association will be in position itself 
to guarantee that. 

Ladd: Is the motion by Dr. Fraps seconded? 

Trowbridge: 1 would like to offer a motion that this come from the Executive 
Committee, and that they prepare a circular letter to all our departmental and 
station libraries, asking them to find out, or asking them directly to guarantee a 
fee of $25 to cover that. 

Davidson: Dr. Fraps says that would be against the Constitution. Xow r we 
would like to see a copy of the Constitution. 

Alsberg: (Answering a previous question) 2746 copies of Bulletin 107, Revised, 
were sold by the Superintendent of Documents and about 400 copies given out by 
the Bureau of Chemistry during the year July 1 , 1913 to June 30, 1914. 

Ladd: The By-Law's state that the annual dues shall be $2. Of course then it 
will be necessary to change the By-Laws. 

McDonnell: It seems to me that so far as the guaranty is concerned that the 
members will have to guarantee that . I hardly think that our institutions would 
take up a guaranty of $50 or $100. It seems to me that that will have to be done 
personally. It seems to me that we ought to be able to guarantee at least $1,000. 

Davidson: 1 think the Executive Committee in looking over the number of in- 
stitutions that are represented here can figure out the probable cost and then simply 
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write the circular letter saying how much the dues shall be* It could be taken up 
with the heads of the departments and they could be asked if they are willing to pay 
$10 for the benefit of the institution* So I move that the By-Laws be changed in 
regard to the question of annual dues and that the amount to be levied shall be left 
to the Executive Committee. 

President: Dr. Trowbridge withdraws last motion. 

Motion of Davidson carried. 

REPORT ON DAIRY PRODUCTS (ADULTERATION). 

By Julius Hortvet (State Dairy and Food Department, St. Paul, 
Minn.), Associate Referee . 

Following the recommendations adopted at the meeting of this associa- 
tion last November, the work of the present year has been directed to- 
ward a further study of the modifications of the continuous extraction 
method for determining fat in evaporated milk, sweetened condensed 
milk, and cream. The work has included also comparative fat deter- 
minations by means of the Roese-Gottlieb method. Owing to the diffi- 
culty of arranging for the preparation of suitable samples of ice cream 
to be forwarded to the collaborators, it has been deemed advisable to 
carry out the modifications suggested at the last meeting on samples of 
ordinary sweet cream. In accordance with the plan of the work decided 
upon, arrangements were made with the factory of Borden’s Condensed 
Milk Company, at Norwich, N. Y., for the preparation of the samples. 
Particular care was taken to insure the preparation of uniform samples 
and that the samples were to be representative of products manufactured 
under commercial conditions. They included: (1) Sweetened condensed 
milk; (2) unsweetened evaporated milk; (3) canned sweet cream. 

The plan of preparation of the samples for the fat determinations is 
similar to the procedure carried out in the work of 1913 and differs in no 
essential respects from the usual procedure. The aim has been to adapt 
the method of preparation to the character of the sample to be extracted. 
The description of the methods as submitted to the collaborators is given 
as follows: 

METHODS SENT TO COLLABORATORS. 

A. DETERMINATION OF FAT BY THE METHOD OF CONTINUOUS EXTRACTION. 

(1) Preparation o) sample . —If the milk be sour, obtain an even emulsion by 
repeatedly pouring the sample back and forth from one container to another, with 
slight warming if necessary. Unless a fine, even emulsion can thus be secured, it 
will not be expected that a satisfactory determination can be made. In the case of 
evaporated milk or thick cream, mix the sample thoroughly, best by transferring 
the entire contents of the can or bottle to a large evaporating dish and working with 
a pestle until homogeneous throughout. In preparing ice cream, soften the sample 
by careful wanning to the consistency of ordinary cream, transfer to a beaker and 
stir until homogeneous throughout. 
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(2) Method jor milk } evaporated milky sweetened condensed milky thin creamy and 
ice cream . — Into a 1,000 cc. beaker weigh 100 grams (in the case of milk 200 grams) 
of sample. Add 300 cc. of water, mix thoroughly, and heat to boiling. Add while 
boiling, very gradually, 25 cc. of Soxhlet's copper sulphate solution, diluted with 100 
cc. of water. In a Btichner funnel wet a filter of suitable size and of loose texture, 
filter with suction and wash three times with a little boiling water, filtering as dry 
as possible. Remove the cake, which should be dry enough to be broken up easily 
between the fingers, break into small particles, and dry in the open air overnight. 
Grind in a mortar with sufficient (usually 25 grams) anhydrous copper sulphate, let 
stand a few minutes, or until the product seems quite dry and not at all lumpy. 
Into the inner tube of a large Soxhlet or other extraction tube place a layer of anhy- 
drous copper sulphate, then the powdered mixture . Place on top a loose plug of cotton 
and extract 16 hours with pure ethyl ether. The ether should be poured into the 
extractor and allowed to percolate through before the heating is commenced. About 
50 cc. of the solvent will be required. Evaporate the ether slowly on a steam bath, 
then dry the fat in an oven at 100°C. until loss of weight ceases. Reserve the weighed 
fat for further examination if required. 

(3) Method jor rich cream and thick icc cream. —In a. Buchner funnel wet an 11 cm. 
filter of loose texture and cover with a thin layer of fibrous asbestos mixture, being 
careful to cover the sides as far up as possible. In a 250 cc. beaker boil 25 cc. of Soxh- 
let's copper sulphate solution, and add, while stirring vigorously, 50 grams of the 
material. Immediately remove the source of heat and filter with slow suction. 
Wash once or twice with a small amount of cold water, and proceed as in the method 
described under (2). 

B. DETERMINATION OF FAT BY THE ROES E-GOTTLIEB METHOD. 

Weigh 40 grams of the properly-prepared sample, preferably in a tared weighing 
dish used for sugar analysis, transfer by washing to a 100 cc. graduated sugar flask 
and make up to the mark with water. Measure 10 cc. of this solution into a Rohrig 
tube (Zts. nahr. Genussm., 1905, 9 : 531) or into a suitable size Werner-Schmidt 
extraction apparatus, using for the purpose not more than 10 cc. of water. To the 
material in the extraction tube add 1.25 cc. of concentrated ammonium hydroxid 
(2 cc. if the sample be sour) and mix thoroughly. Add 10 cc. of 95 per cent alcohol 
and mix well. Then add 25 cc. of washed ethyl ether, shake vigorously for half a 
minute, add 25 cc. of petroleum ether (redistilled slow ly at a temperature below 
0O*C. preferably) and shake again for half a minute. Let stand 20 minutes or until 
the upper liquid is practically clear and its low er level constant. Draw off the ether- 
fat solution as much as possible (usually 0.5 to 0.9 cc. w r ill be left) into a weighed 
flask through a small quick-acting filter. Re-extract the liquid remaining in the 
tube, this time with only 15 cc. of each ether, shaking vigorously half a minute and 
allow to settle. Draw off the clear solution through the small filter into the same 
flask as before and wash the tip of the outlet, the funnel, and the filter wdth a few 
cubic centimeters of a mixture of the tw*o etliers in equal parts. Extract again and 
wash in the manner just described. Evaporate the ether slowly on a steam bath, 
then dry the fat in a water-oven until loss of w eight ceases. 

RESULTS OF COOPERATIVE WORK. 

The results submitted by the collaborators are shown in the following 
tabulation. 

Nearly all collaborators report difficulty in obtaining satisfactory re- 
sults on the sample of cream owing to the more or less separated or churned 
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condition when the sample was received. With only two exceptions, 
the other samples appear to have been received in good condition. Un- 
fortunately, the manufacturer appears to have misunderstood or over- 
looked the directions for the preparation of the canned cream. The plan 
of the work required that the cream contain a comparatively low per- 
centage of butter fat, 15 to 18 per cent. On examining these samples, 
however, it has been somewhat disappointing to discover that the butter 
fat test gave high results, and many collaborators have encountered al- 
most insuperable difficulties in carrying out the directions for the con- 
tinuous extraction method. These results are nevertheless included in 
the tabulation, but are not to be considered in any way as contributing 
for or against the adoption of the proposed modified continuous extrac- 
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tion method. The chief interest centers on the results reported on the 
samples of condensed and evaporated milk. It should be stated at the 
outset that the showing is in general rather disappointing. The results 
have been obtained by a comparatively large number of collaborators, 
all of whom have doubtless had considerable experience and represent 
leading laboratories in various parts of the country. 

The following comments and criticisms were made by the collaborators: 


COMMENTS BY ANALYSTS. 


C. C. Forward : The rich cream was churned and butter fat separated so that 
sampling was very difficult for the Roese-Gottlieb method, which would account for 
differences. Continuous extraction method was not satisfactory, as fat was sepa- 
rated and would not form into a cake on precipitation. I would suggest that this 
difficulty might be overcome by mixing the cream with skim milk so that the pro- 
portion of casein to fat would be increased sufficiently to give a precipitate which 
would filter dry enough to form a cake. This has not been tried as time is not avail- 
able. The Roese-Gottlieb method gives results somewhat higher than the other 
method and higher than asbestos extraction method (Babcock asbestos method) 
but the fat obtained seems quite pure. 

In addition to results obtained on samples submitted, a statement is made of 
tests on samples obtained locally. These samples included a condensed milk, 
“Diploma” brand, manufactured in England, and a cream, Ottawa Dairy, 28 per 
cent. The results were as follows: 


Roese-Gottlieb method .... 


Continuous extraction method 


Condensed 

Ottawa 

mi Ik fat 

cream fat 

per cent 

per cent 

10.47 

29.20 

10 43 

29.05 

10.55 
/ 10 08 

29.13 

1 10.00 



Miss N . A. Childs: I found by adding the first 50 cc. of the copper sulphate, drop 
by drop from a pipette, that a precipitate was formed which gave little or no trouble 
in filtering. The original method is very unsatisfactory for cream. The modifi- 
cation is fairly satisfactory, although I was unable to obtain a curd that would dry. 
In condensed inilk more or less organic matter, probably sugar, is abstracted by the 
ether. Results are undoubtedly high. 

L. B. Burnett : The discrepancies in the results on Sample 3 (cream) were due to 
the inability to secure uniform sample. It was thought that the low result, 26 per 
cent, Paul method, Sample 3, was caused by the fat having a tendency to filter 
through. This filtrate was extracted with ether, a correction of only 0.015 percent 
being necessary. 1 think the Paul method for rich cream and samples containing a 
high amount of fat will work satisfactorily. 

H. S. Bailey: The condition of No. 3 (cream) by the time we were ready to work 
on it was such that it was practically impossible to obtain a satisfactory sample. 
To this fact I attribute the great discrepancy between the different, determinations. 
I am at somewhat of a loss, however, to understand exactly how Mr. Burnett obtained 
26 per cent of fat by the Paul method in one of his determinations and I would have 
had the work repeated if the sample had not spoiled in the meantime. The butter 
fat has a tendency to run through the asbestos pad w r ith rich creams, but apparently 
the low figure is not due to this difficulty. 
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A . 5. VTelfe; The sample of sweet cream had churned and was in such a bad shape 
that I found it practically impossible to get an emulsion as desired. I find that it 
is a good plan in preparing the filter in the BUchner funnel to use two sheets of the 
filter paper. They readily separate after filtering and make the work more satis- 
factory. My principal difficulty in this method I found was to get the extraction 
apparatus to siphon over. After several experiments, however, this difficulty was 
overcome. 

George B. Taylor: In the continuous extraction method very good separations 
were obtained and the material filtered readily. For the condensed and evaporated 
milks a BUchner funnel with a linen filter covered with an S. & S. No. 597 filter was 
used. Continuous extraction was carried on for 22 hours. Although I obtained 
good duplicates in every case, I am at a loss to understand why in my work the con- 
tinuous extraction did not check with the Roese-Gottlieb method. While my 
assistant (C. L. Clay) did not get good duplicates, the two methods check more 
closely with him than they do with me. 

L. W. Ferns: In the Paul method the extraction was difficult because the mass 
packed and prevented the siphoning of the ether. The method is a good way of 
getting pure fat for further examination but apparently gives results lower than the 
Roese-Gottlieb method. 

J. T. Keister: The Paul method was unsatisfactory, the difficulty being the pack- 
ing of the sample in the extraction tube thus preventing the proper siphoning of 
the solvent. This difficulty seemed greater in the case of evaporated milk. A much 
smaller charge (20 or 25 grams) seems advisable, also the use of some material— as 
pure washed sand— mixed with sample to prevent packing. 

The above comments add further discouragement respecting the re- 
liability of the continuous extraction method when applied to condensed 
and evaporated milk. Also, the fact should be clearly emphasized that 
the results obtained by the Roese-Gottlieb method, while in the main 
higher and somewhat more uniform, are far from being satisfactory. 

Fat determinations (1913). 


*WE*T CREAM 


HOMOGENIZED 

CREAM 


CREAM WITH OLXO 

OIL 



Contin- Con tin- TTnn . n Oontin- 

uoua uoua uoua 

extraction extraction extraction 

method method method method method 


per cent per cent per cent per cent per cent 

15.49 1 / 17.84 
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It should be recalled in this connection that the results reported by a 
smaller number of collaborators in 1913, on sweet cream, homogenized 
cream and ice cream were in general quite favorable; and for purpose 
of comparison at the present time these results are herewith included. 

Many of the collaborators who have submitted reports during the pres- 
ent year have had experience with similar work in years past and some 
are included among the collaborators of 1913. As already stated, all or 
nearly all collaborators are experienced analysts and represent eight well- 
known laboratories. A critical examination of the tabulated results 
tends to the conclusion that there are peculiar difficulties attending the 
determination of fat in evaporated and condensed milk — difficulties which 
possibly have not heretofore been fully realized. The collaborators, 
doubtless, in some instances reported results which should have been 
omitted, that is, some results may have been reported which were recog- 
nized as faulty and represent first-trial attempts. These, however, are 
included in the tabulation, as no definite information has been obtained 
concerning the relative merits of the different results submitted. In the 
main the results obtained by the continuous extraction method, both 
on the samples of sweetened condensed and unsweetened evaporated milk, 
are decidedly lower by the continuous extraction method than by the 
Roese-Gottlieb method. 

An inspection of the results cannot fail to reveal the probable composi- 
tion of the samples prepared by the manufacturer. It is a very safe 
prediction that the samples of unsweetened evaporated milk were made 
to contain not less than 7.8 per cent of butter fat. Nevertheless, there 
are twelve results obtained by the Roese-Gottlieb method which are so 
seriously low as to attract attention. A similar state of affairs is revealed 
among the results obtained on the samples of sweetened condensed milk. 
There are evidences that each collaborator has, however, succeeded in 
obtaining fair check results in his own laboratory. The great discrepancies 
appear to occur among the results obtained by different individuals. Per- 
sonally, the associate referee has full confidence in the Roese-Gottlieb 
method as a reliable procedure for the determination of fat in evaporated 
milk, and the same opinion will doubtless be expressed by every analyst 
who has had considerable experience in the analysis of products of this 
land. It is unlikely that the various collaborators deviated materially 
from the procedure as outlined in the directions given, yet, just where 
the difficulty lies it is impossible to point out. The conclusion seems 
inevitable that there is here indicated an imperative demand for a special 
investigation into the details of the various methods for determining 
fat percentages in condensed and evaporated milk. It is quite likely 
that the difficulties are not serious, but it is at the same time plain that they 
exist, and that there is somewhere a lack of adequate understanding among 
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analysts respecting essential features which may be peculiar to such prod- 
ucts as have been considered during the past season. 

Two collaborators who reported that the samples of evaporated milk 
had changed somewhat in shipment, stated also that no great difficulty 
was experienced in preparingthe samples in proper condition for analysis. 
It is too early to conclude that the continuous extraction method is in- 
capable of yielding at least fairly accurate results; on the other hand, 
it appears to be well worth while that a further attempt be made to cor- 
rect deficiencies and to modify the method with a view of clearing up a 
number of obscure points. Also, in view of the general application of 
the Roese-Gottlieb method, it appears to be seriously demanded that 
this association recommend that special attention be given to this method, 
with a view to correcting deficiencies if any such actually exist. While 
the results obtained in 1913 were far more favorable, although reported 
by a smaller number of collaborators, no recommendation can be made 
in favor of the final adoption of the continuous extraction method at this 
meeting. The situation which now seems most worthy of consideration 
is the status of the Roese-Gottlieb method applied to evaporated and 
condensed milk, and it is therefore urgently brought to the attention of 
this association that some action be taken with a view of the study of this 
or any one or two other methods that may be proposed. Whether it 
is possible to expect much more uniform results than are shown herewith 
among collaborators working in different parts of the country under differ- 
ent conditions and possibly on samples arriving over long distances, it 
is not easy to predict. There is also always the chance that samples 
are not strictly uniform in composition. Nevertheless to any one who has 
had daily experience in the analysis of these products during the past 
few years, taken in connection with the general showing presented in this 
report, it must seem imperative that this association give some serious 
attention during the coming year to a study of methods for the deter- 
mination of fat in sweetened condensed milk and unsweetened evaporated 
milk. 

C. W. Bradbury of the Chemical Laboratory of the Virginia Depart- 
ment of Agriculture at Richmond, read a paper on "The Alkali Method 
for the Determination of Fat in Ice Cream and Condensed Milk,” the 
essential facts of which had been published as Circular No. 42, of the 
Dairy and Food Division of Virginia. 

No report was made by the associate referee on cereal products. 
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REPORT ON VEGETABLES. 

By E. W. Magruder (Department of Agriculture, Richmond, Va.), 

Associate Referee . 

CANNED FOODS. 

Last year the work on vegetables consisted in determining the per cent 
of easily-separable fluid found in canned tomatoes. In that report the 
results of the examination of 77 cans of tomatoes were given and the 
average amount of easily-separable fluid was found to be 52 per cent with 
an extreme variation of from 38 per cent to 64.4 per cent and with 60 
per cent of the samples ranging between 47 per cent and 57 per cent of 
fluid. It was recommended that the work be continued and that other 
canned foods be included in the study. 

The work recorded in this report has been done by J. B. Robb and the 
associate referee and has consisted in the examination of canned tomatoes, 
peas, and lima beans. Not only has the amount of easily-separable 
fluid been determined, but quite a detailed study of the fluid has teen 
made, consisting in the determination of the specific gravity, the solids 
in the unfiltered and filtered liquid, the immersion refraction index, and 
in some cases the polarization. An endeavor was made to determine 
whether there was any constant relation or factor existing between the 
solids in the filtered liquid and the refractometer reading. 

methods. 

Separable fluid. — The method used was practically the same as that employed 
last year: Determine the weight of the contents of the can and transfer the ma- 
terial to a regular fertilizer sieve with round holes 1 mm. in diameter and stir the 
materiat gently with a spatula to allow the liquid to drain out, allowing the material 
to stay on the sieve 5 minutes in the case of tomatoes, and 3 minutes in the case of 
lima beans and peas, stirring gently just before the expiration of the time limit. 
Some liquid still remains with the canned material at the end of the time specified, 
but the great bulk of the fluid had drained away and the time specified is considered 
about right to allow the easily-separable fluid to drain off. This fluid is then weighed 
and the per cent of easily-separabLe fluid calculated. Measuring the contents 
of the cans and the fluid was tried and the results were about the same as obtained 
by weighing, but on the whole weighing was found to be the easiest and quickest. 

Solids .— Dry 25 ec. of this fluid on a steam bath and then in an electric oven for 
3 hours at a temperature of 105° C., and calculate the per cent of solids. Filter a 
portion of this fluid and dry 25 cc. of the filtrate exactly as in the case of the un- 
filtered fluid and calculate the per cent of solids. 

Refraction and polarization reading n . — Use a portion of the filtered liquid at a 
temperature of 20° C. for the determination of both the refraction and polarization 
readings. Ther immersion refractometer and Schmidt and Hentch polariscope 
and a 100 min. tube were used. In many cases the liquid was so opaque that the 
polarization could not be read, so that few results are given. 
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Factor . — It was hoped that a factor of value might be obtained and in order to 
obtain one the refractometer reading was divided by the per oent of the solids in 
the filtered liquid. The results are given in the tables. 

Five brands of canned tomatoes and two each of peas and lima beans 
ware selected and a case of each was obtained. Three cans of each brand 
were examined in December, 1913; then three cans of each were packed 
in a case and shipped by express to W. F. Hand in Mississippi, who im- 
mediately shipped them back, thus giving than a journey of about 2,000 
miles. After their travel they were examined in January, 1914. This 
was done in order to determine what effect a long journey on the train 
with the jolting incident thereto would have on the contents of the cans. 
Three cases of each brand were kept without being moved and examined 
in July, 1914, which was seven months after the first examination and 
about one year after they had been packed. This was done to determine 
what effect age had upon the contents of the cans. Some other cans of 
beans and tomatoes were examined in the fall of 1913, and the results 
are given in the tables. There were also examined in October, 1914, 
samples of tomatoes of the pack of 1914 of two of the brands which had 
been examined previously. 

RESULTS ON TOMATOES 

Easily-separable fluid . — 62 cans of tomatoes were examined and the 
average amount of easily-separable fluid found to be 50.7 per cent with 
a minimum of 31 per cent and a maximum of 66 per cent, or a difference 
of 35 per cent, which is greater than the lowest per cent. A striking 
fact shown is the very wide variation between cans of the same brand 
examined at the same time. This is shown in the case of the Cherokee 
brand, which varied from 31 per cent to 53 per cent with a difference of 23 
per cent, and again varied from 39 per cent to 60 per cent with a difference 
of 21 per cent. Only about 100 cans of this brand were put up by a 
farmer for his own use and not for sale. They were usually put up in 
batches of about a dozen at a time, which may account for the wide 
variation. No water was introduced into the cans. In comparing the 
first results obtained with those after shipping and after standing it will 
be seen that shipping had practically no effect on the amount of fluid, but 
that age seems to increase the amount of fluid slightly. Some of the cans 
from the same cases are still on hand and we expect to examine than 
during next winter to see what effect six months more of age will have. 

Specific gravity . — The specific gravity does not seem to bear any re- 
lation at all to the per cent of fluid, as some samples with a high per cant 
of fluid have a high specific gravity, while others with just as high per 
cent of fluid have a low specific gravity and vice versa. 

Solids . — The solids in the unfiltered and the filtered liquid bear a close 
relation to each other. As a rule the unfiltered fluid has the most solids, 
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bat in quite a number of cases the reverse is true. This may be caused in 
part by the evaporation of some of the water during filtration, as the liquid 
filtered very slowly, but to reduce evaporation to a minimum the filtrate 
was caught in narrow-neck bottles. It is rather surprising to find that 
the filtered liquid contains about the same amount of solids as the 
unfiltered, the average amount of solids for all of the tomato samples 
being 4.76 per cent for the unfiltered fluid and 4.69 per cent for the filtered 
liquid. 

Refractometer reading . — The results of the refractometer reading are 
quite interesting. They vary on the whole about as the percentage of 
solids, but here as in all the other determinations we have erratic results. 
The readings marked with a superior “ 1 ” were made on liquid which had 
fermented to some extent before they finished filtering, hence are lower 
than they should be, and are left out of the general average. On the whole 
the refractometer reading is more characteristic than any of the deter- 
minations, and as it is one of the easiest made it is probable that it 
furnished a better indication of the character of the liquid than any of the 
determinations. 

Factor . — The factor obtained by dividing the refraction reading by the 
solids from the filtered liquid is not at all a constant one, although the 
variations are not as great as most of the other results obtained. It is 
doubtful if it furnishes any information of value. 

Shipping does not seem to have any appreciable effect on tomatoes; 
age has a slight effect on the percentage of fluid, but apparently none on 
the composition of the liquid. 

RESULTS ON CANNED GREEN PEAS. 

Examination of fifteen cans of green peas was made and the results 
are given in Table 2. 

In the case of peas neither shipment nor age seems to have had any 
appreciable effect, as the results are about the same throughout. There 
is very much less variation in all the determinations than in the de- 
terminations on the tomatoes. The average amount of fluid was 34.9 
per cent, with a variation between 28.7 per cent and 38.6 per cent. The 
solids in the unfiltered fluid are rather erratic, while the solids in the filtered 
liquid are quite uniform. The refractometer reading is very uniform, 
varying between the narrow limits of 38.6 per cent and 42.8 per cent. 
The factor is also quite uniform. 

RESULTS ON CANNED LIMA BEANS. 

Examination of fifteen cans of lima beans was made corresponding to 
the fifteen cans of peas. In addition six cans of a rather miscellaneous 
lot of beans were examined, some having been soaked; the results ob- 
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tained on these beans are given in Table 3 but not included in the general 
average. 

The average amount of fluid was 35.8 per cent, with a variation between 
30 per cent and 46.1 per cent. Shipment and age both seem to have had 
a slight effect in increasing the amount of fluid, but the increase is of little 
consequence. All of the results are quite wide apart, except the factor 
which is nearer a constant than in the case of the tomatoes and the peas. 
There were not enough brands of peas or beans examined to find out just 
how variable the results would be. The contents of all of the cans ex- 
amined were in good condition, and we believe honestly packed. 

GENERAL CONCLUSIONS. 

(1) Shipment does not seem to have any appreciable effect on the 
amount of fluid of canned tomatoes and green peas and a very slight 
effect on the amount of fluid of lima beans. 

(2) Age seems to increase the amount of fluid in canned tomatoes and 
lima beans very slightly, but hardly at all in canned green peas. 

(3) The per cent of easily-separable fluid is a very poor index of the 
character of canned tomatoes, peas, or lima beans. 

(4) The refraction index is probably the best index of the character of 
the fluid in all canned goods. 

A paper on the “Characteristics of Common and Lima Beans” was 
read by Arno Viehoever of the Bureau of Chemistry. 

REPORT ON COCOA AND COCOA PRODUCTS. 

By H. C. Lythgoe (State Department of Health, Boston, Mass.), 

Associate Referee . 

At the meeting two years ago the Baier and Neumann method for 
the determination of casein was recommended for provisional adoption 
by Mr. Dubois, associate referee. At the meeting last year the present 
associate referee recommended the method for final adoption as pro- 
visional. Objection was made to this method by Mr. Dubois because he 
had found a sample alleged to be milk chocolate which gave no reaction for 
casein by the above method, but which contained the proper proportion 
of butter fat and milk sugar. According to information received from the 
manufacturer, this chocolate was made by a method somewhat different 
from that usually employed, and the committee on recommendations 
recommended further study upon the method before adoption as pro- 
visional. In conversation with Mr. Dubois he stated, in answer to a 
direct question, that the department had no knowledge whether or not 
the manufacturer used butter and glucose to simulate the chemical com- 
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position of milk chocolate, but a very careful survey of the factory made 
after the manufacturer was given a hearing gave no indication that such 
was the practice. 

The Bureau of Chemistry intended to make a study of the condition 
under which this particular milk chocolate was manufactured and samples 
of the product were to be forwarded to the associate referee. No samples 
have been received to date and on October 28 I learned from Mr. Dubois 
that the investigation had been dropped by the Bureau. 

The associate referee has used this method for several yenrs, not only 
for the determination of casein in milk chocolate, but also in other food 
products in which milk or casein is used as an ingredient, and has never 
experienced any trouble with it, but considering the objections given 
by Mr. Dubois, does not consider it advisable that the method be adopted 
at present as provisional. 

For the past three years the method of Ulrich 1 for the determination 
of cocoa red has been used in the Laboratory of Food and Drug In- 
spection of the Massachusetts State Board of Health for the detection 
of added shells. This method possesses no material advantages over 
the determination of pentosans or of fiber for this purpose, but as the 
product determined is a constituent of the cocoa nibs and is absent in 
the shell, while the pentosans and fiber are constituents of the shells 
and not of the nibs, the determination may be of interest to the association. 
The method is as follows : 

To 1 gram of fat-free dry substance, which should be finely powdered, in a 300 cc. 
Erlenmeyer flask, add 120 cc. of pure acetic acid (50 to 51 per cent) ; connect with 
a return-flow condenser and boil for 3 hours; cool and bring the contents of the 
flask to a volume of 150 cc. with cold water; shake well and allow to stand at least 
12 hours: filter through a dry filter and treat 135 cc. of the filtrate (corresponding 
to 0.9 gram of the original substance) with 5 cc. of concentrated hydrochloric acid 
and 20 cc. of a 20 per cent ferric chlorid solution. Connect with a return-flow 
condenser, heat to the boiling point and boil 10 minutes ; cool quickly and transfer 
to a beaker; after letting stand at least 6 hours, filter upon a weighed filter, wash- 
ing the precipitate with hot water until free from iron; dry for 6 hours at 105° C. 
and weigh. 


Remits of analyses of 18 samples of commercial cocoa. 
(Per cent.) 



MOISTURE 

FAT 

FAT-FREE SUBSTANCE 

COCOA 

RED 

Ash 

Fiber 

Pentosans 

Highest 

4.80 

25.07 

7.78 

8.32 

■ns 

mm 

Lowest 

2.60 

15.07 

5.80 

5.33 


msm 

Average 

3 87 

19.95 

6.58 

6.35 

MgfEfS 

Kxa 

Dutch process, average . 

4.76 

24.37 

9.87 

6.24 

| 4.47 1 

mum 


a 1 Der Nachweis von Schalen im Kakao und in seinen Preparaten von Diplom-Ingeneur Chrostoph Ulrich. 
Dissertation, Detmold 1911. 
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The examination of 41 samples of commercial cocoa in 1914 gave from 
11.22 to 17 per cent, average 15.17 per cent of cocoa red. Ulrich reports 
for different varieties of cocoa nibs averages from 11.12 per cent to 16.54 
per cent. 

RECOMMENDATION. 

It is recommended — 

That the associate referee on cocoa products for the year 1915 make a 
study of the manufacture of milk chocolate with the view of finding out 
whether or not the casein is rendered insoluble in the reagents by differ- 
ent methods of manufacture. 

REPORT ON TEA AND COFFEE. 

By J. M. Bartlett (Agricultural Experiment Station, Orono, Me.), 

Associate Referee . l 

According to the recommendations adopted by the association at its 
last meeting the work on tea and coffee has been confined to methods for 
the determination of caffein. 

One sample each of tea and coffee was sent out to all chemists signify- 
ing a desire to cooperate in the work, together with the following in- 
structions: 

INSTRUCTIONS TO COLLABORATORS. 

Determine caffein or thein in each of the samples by the following methods: 

Method 1 . — Carefully weigh 10 grams in No. 60 powder into a 500 cc. Erlenmeyer, 
add 100 cc. of water and 10 cc. of 10 per cent hydrochloric acid and heat to boiling 
with reflex condenser for 2 hours. Cool, decant liquid through a filter, treat solid 
material with 3 portions of 50 cc. each of boiling water, Altering through same paper 
as above and then wash material on filter with 50 cc. of boiling water. Concentrate 
to 150 cc. by evaporating over steam or water bath. Transfer filtrate to a 500 cc. sepa- 
rator, Squibb type, add 5 cc. of stronger ammonium hydroxid, shake out with 50 cc. 
portions of chloroform five times. After the first shaking out let the separator rest 
until separation is as complete as it will be; then run chloroform into another 500 
cc. separator; add the second portion of chloroform and shake again, after standing 
until no further separation occurs, run the solvent and the adhering emulsion, if any, 
into the second separator but do not run in any of the non-emulsified liquid. Re- 
peat three times, running chloroform and any emulsion into the second separator. 
Then discard the liquid in the first separator and give a second separator contain- 
ing the chloroform and emulsion a violent shaking; let stand and then run chloroform 
into a 250 cc. Erlenmeyer flask. If there is an emulsion remaining in the separator, 
add 1 to 5 cc. of 94 per cent alcohol and shake. When the chloroform has separated 
add it to that in the 250 cc. flask. Add about 25 cc. of chloroform to the aqueous 
alcoholic layer in the separator and agitate; after separation run the chloroform 
into the 250 cc. flask and then evaporate off the chloroform on the steam bath using 
a moderate blast of air and removing from bath as last portions evaporate to avoid 


1 Read by H. H. Hanson. 
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spattering. When the residue of crude caffein is dry, add 10 cc. of dilute 10 per 
cent hydrochloric acid and 50 cc. of water and warm until caffein is dissolved. 
Cool and precipitate with 50 cc. of iodin solution (10 grams of iodin, 20 grams of po- 
tassium iodid, 100 cc. of water), stopper flask with cork and let stand overnight. 

Filter through 9 cm. filter and refilter filtrate, if necessary, washing flaBk and pre- 
cipitate twice with iodin solution, but not attempting to remove all of the precipi- 
tate from the flask. Transfer filters to flask in which precipitation was made, add 
0.5 gram of sodium acid sulphite or sodium sulphite, 3 cc. of 10 per cent sulphuric 
acid and 15 cc. of water and warm until iodid is decomposed, more salt being 
added if the amount is insufficient to decolorize. 

Filter into a separator (small 100 cc.), add excess ammonium hydroxid stronger 
and shake out five times with 15 cc. portions of chlorform. Wash the combined 
chloroform extracts with water which is discarded and then concentrated to 10 to 
15 cc. add dry animal charcoal, shake and allow to stand 1 hour with occasional 
shaking, filter through a small filter into a tared dish, washing flask and filter three 
or four times with 5 cc. portions of chloroform. Evaporate chloroform and dry 
residue in a desiccator and weigh. 

Method 2 (Garter method for coffee). — Moisten 11 grams of finely-powdered coffee 
with 3 cc. of water, allow to stand for half an hour, and extract for 3 hours in a Soxh- 
let extractor with chloroform. Evaporate the extract, treat residue of fat and caf- 
fein with hot water, filter through a cotton plug and moisten filter paper, and wash 
with hot water. Make up the filtrate and washings to 55 cc., pipette off 50 cc. 
and extract four times with chlorofonn. Evaporate this chloroform extract in a 
tared flask and dry the caffein at 100° C. and weigh. Transfer residue to Kjeldahl 
flask with a small amount of hot water and determine nitrogen by Kjeldahl or Gun- 
ning method. Nitrogen multiplied by 3.464 equals caffein. 

It is suggested that after shaking out the aqueous solution with chloroform, run 
the chloroform into a second separator and shake with a strong solution of sodium 
carbonate. The sodium carbonate solution will remove most of the coloring matter. 
Then pass the chloroform to a third separator and wash with water. Treat the 
remaining chloroform shakeouts from the aqueous solution in the same manner, 
passing them successively through the sodium carbonate and wash water. 

The washed chlorofonn extracts are then united, evaporated, dried and weighed. 

Methods (Modification of StahlschmidV s method for tea). — Boil 6 grams of finely- 
powdered tea in a flask with several successive portions of water for 10 minutes each, 
and make up the combined aqueous extracts thus obtained to about 550 cc. with 
water. Add 4 grams of powdered lead acetate to the decoction, then boil for 10 
minutes, using a reflux condenser ; add water so that the solution will finally be exact- 
ly 600 cc., and cool to room temperature. Then pour the solution upon a dry filter 
and evaporate 500 cc. of the filtrate, corresponding to 5 grams of the tea, to about 
50 cc., and add enough sodium phosphate to precipitate the remaining lead. Filter 
the solution, and thoroughly wash the precipitate, the filtrate and washings being 
evaporated to about 40 cc. Finally extract the solution thus concentrated with 
chloroform in a separatory funnel at least four times and evaporate the chloroform 
extract to dryness, leaving the caffein, which is dried to constant weight at 75° C. 
and weighed. 


RESULTS REPORTED BY COLLABORATORS. 

Reports were received from only two collaborators; therefore, only a 
few results are given in the following table: 
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Remits obtained on tea and coffee. 


SAMPLE AND ANALYST 

METHOD 

CAPPEIN 

Weighed 

Calculated 
from nitrogen 

tea: 

H. H. Hanson, Orono, Me. 

II. C. Fuller, Institute of 
Industrial Research, 
Washington, D. C. 

coffee : 

H. H. Hanson 

H. C. Fuller 

No. 1. Fuller 

per cent 

1 

2.70 1 

3.09 

3.38 

2.47 

2.61 

1.28 

1.36 

1 24 

1.12 

1.06 

per cent 

No. 3. Stahlschmidt 

2.74 

2.81 

New method 

No. 1. Fuller 

No. 3. Stahlschmidt 


No. 1. Fuller 


No. 2. Gorter 

1.04 

1.25 

New method 

No. 1. Fuller 


No. 2. Gorter 





COMMENTS OF COLLABORATORS. 

H. H. Hanson: In preparing the tea or coffee for work we have found that the 
recommendation to grind the materials so as to pass a sixty-mesh sieve not neces- 
sary, and, in the case of coffee, rather impractical. Upon samples ground to pass 
a forty-mesh sieve exactly as good results were obtained, and, in the case of coffee, 
better results. 

With the Fuller method good results were apparently obtained with both tea and 
coffee, but it is a long and involved one, and, while apparently accurate, is time- 
consuming and involves very careful manipulation. 

The Stahlschmidt method for tea is apparently quite correct if the result obtained 
by weighing is not taken as a final result, but a nitrogen determination made upon 
this result and the caffein calculated from the nitrogen content. 

The Gorter method for coffee is apparently only approximately correct. 

In reporting the results obtained on tea and coffee I wish to call attention to a new 
or combined method which has in our laboratory seemed to work out very well. This 
new method, besides the three given by the associate referee, has been carefully 
studied. The results reported are only those obtained after the methods had been 
tried once, so that the analyst was familiar with the method. 

The new method gave good results with both tea and coffee almost without 
exception. Some difficulty was experienced in first trying out the method with tea. 
In the mind of the analyst the new method is as accurate and considerably more 
rapid than the Fuller method for coffee, and the Stahlschmidt method with the 
modification mentioned is the quickest and most accurate method for tea, but only 
slightly more rapid than the new method. The new method, which is given below 
in detail, is taken in part from the other three methods. 

Place 5 grams of material in an extraction thimble and moisten with 5 to 7 cc. of 
water, and allow to stand for about 30 minutes. Place a loose cotton plug in the top 
of the thimble and extract with chloroform in a Soxhlet extractor for at least 3 hours. 
Evaporate off most of the chloroform and add 10 cc. of 10 per cent hydrochloric acid 
and 50 cc. of water, and heat to boiling to dissolve caffein. Cool, precipitate caf- 
fein with iodin solution as in the Fuller method, the solution being made with 10 
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grams of iodin, 20 grams of potassium iodid and 100 cc. of water. Use 25 cc. of this 
solution for the precipitation, cork the flask, and allow to stand overnight. Filter 
this on a small filter paper (9 cc. is about right) and wash with some of the solution. 
Transfer the filter paper and contents back to the flask in which the precipitation 
was made, add 0.5 gram of sodium acid sulphite or sodium sulphite with 3 cc. of 10 
per cent sulphuric acid and about 15 cc. of water. Warm this until the iodid is de- 
composed, cool, dilute, make ammoniacal and then make up to the mark. Filter 
through a dry filter and take a 50 cc. portion for the extraction, which is made with 
chloroform, using about 5 portions of 15 to 25 cc. each. Evaporate off the chloro- 
form and determine the nitrogen. The nitrogen content multiplied by the factor 
3.464 gives the caffein. 

Results obtained on tea and coffee . 


(Per cent.) 




KE8ULT8 

SIMPLE *ND METHOD 

FINENESS OK SAMPLE 

Weighed 

Calculated 
from mtiogen 

tea: 




Fuller 

20-mesh 

2 71 


Fuller 

60-mesh 

2 68 


Stahlschmidt 

60-mesh 

3.08 

2.67 

Stahlschmidt . 

60-mesh 

3.10 

2.81 

New method 

60-mesh 

3 38 

2 77 

COFFEE : 




Fuller 

40-mesh 

1.28 


Gorter ... 

40-mesh 

1 38 

1.11 

Gorter.. . . .. . 

40-mesh 

1.34 

0.96 

New method 

40-mesh 

1.24 

1.25 


H. C. Fuller : You will note that I have sent no figures for the Kjeldahl determina- 
tion of nitrogen, for the reason that the total caffein obtained was less than that 
found by Method 1. 

DISCUSSION. 

So few analysts have taken part in the work this year that the associate 
referee does not think the methods have been sufficiently tested to warrant 
recommending either of them as an official method. Only a few members 
of the association are particularly interested in this kind of work, conse- 
quently it is difficult to get much cooperation. It is very desirable, how- 
ever, that the association have an official method for the determination 
of this important constituent of tea and coffee. The Gorter and Stahl- 
schmidt methods, slightly modified, in the hands of experienced men 
give quite closely agreeing results. The Fuller method, which is applic- 
able to both tea and coffee, also gives good results, but the first part of 
the process is tedious and difficult to carry through satisfactorily. The 
combination method suggested by Mr. Hanson using the Gorter method 
of extraction and Fuller method of purification appears to give good re- 
sults and I think is worthy of our consideration. 
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RECOMMENDATION. 

It is recommended — 

That the associate referee on tea and coffee for next year continue 
the study of methods for the determination of caffein in tea and coffee 
and that the combination method suggested by Mr. Hanson in this report 
be given a trial. 


REPORT ON PRESERVATIVES. 

By A. F. Seeker (Bureau of Chemistry Food and Drug Inspection 
Laboratory", New York, N. Y.), Associate Referee. 

Following the plan recommended at the last meeting a further study 
has been made of the Fincke method for the determination of formic 
acid, together with a trial of the Fenton and Sisson reduction of formic 
acid to formaldehyde as a qualitative means for the detection of the 
preservative in foods. The cooperative work of last year having shown 
the Fincke method to be sufficiently accurate as a general means for the 
determination of formic acid, the endeavor during the present year has 
been to ascertain what effect various possible interfering substances may 
have upon its accuracy and also to determine how much formic acid 
various natural and prepared food products may normally appear to 
contain when examined by the prescribed method. 

The possible interfering substances that have been suggested (Biochem. 
Zts., 1913, 51 : 253) are sorbic, levulinic, glyoxylic, cinnamic, fumaric, 
salicylic and benzoic acids. In the work tabulated in Table 1 the levu- 
linic, cinnamic and fumaric acids used were of Kahlbaum’s, the salicylic 
and benzoic of Merck’s manufacture, the effect of sorbic and glyoxylic 
acid being studied by determinations conducted upon the fruits in which 
these two acids occur naturally, these being respectively unripe sorb 
apples and unripe gooseberries. 

The gooseberries selected for this purpose were purchased from local 
dealers. The sorb apples were secured through the courtesy of H; H. 
Rusby from the Bronx Botanical Gardens, New York City, from trees 
grown at that institution. The trees were of the European species, 
Sorbus Aucuparia, L., known in England as the mountain ash or service 
tree, and in Germany as the Eberesche or Vogelbeere. The juice of the 
fruit is used to some extent in the preparation of German and Hungarian 
cordials. 

In the above work (1) was conducted by adding the levulinic acid to 
50 cc. of lime juice that had just been subjected to steam distillation for 
the determination of formic acid, and going through the procedure in the 
regular way. (3), (4), (6), (8) and (10) were conducted by dissolving the 
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TABLE 1. 


Amount of precipitate expressed as formic acid obtained in the Fincke method when 
applied to certain possible interfering substances . 


HUBBTANl E 

amount employed 

EQUIVALENT OF FORMIC 
ACID 



grant's 

mg. 

(J) 

Levulinic acid 

0.5 

1.5 

(2) 

do 

0 5 

0.4 

(3) 

do 

2.0 

0.6 

(4) 

Cinnamic acid 

0.1 

None 

(5) 

do 

0.2 

0.4 

(6) 

Fumaric acid ... 

0.1 

0.3 

(7) 

do 

0.2 

0.4 

(3) 

Salicylic acid 

0,1 

None 

(9) 

do 

0 2 

0.4 

(10) 

Benzoic acid 

0 1 

None 

OD 

do 

0.2 

None 

(12) 

Unripe sorb apples (very green). . . 

25.0 

1.5 

(13) 

do 

25.0 

0.6 

(14) 

Unripe sorb apples (almost mature) . 

50.0 

0.5 

(15) 

do 

50 0 

0.5 

(16) 

Ripe sorb apples 

50.0 

0.5 

(17) 

Unripe gooseberries 

50.0 

2.0 

(18) 

do 

50.0 

l.l 

(19) 

do 

50.0 

2.1 


respective substances in 150 cc. of water, treating with 2 grams of barium 
carbonate, heating to boiling, filtering while hot, and subjecting to the 
mercuric chlorid treatment in the regular way. In all the other deter- 
minations the substances were dissolved or suspended in 50 or 100 cc. of 
water and subjected to all the operations of the regular procedure. 

It will be seen from Table 1 that the interference of all the substances 
mentioned is negligible being well within the limits of accidental error. 
The identity of the levulinic acid was verified by preparing the silver salt 
and determination of the contained silver. Melting points were deter- 
mined upon the other pure acids used excepting fumaric which behaved 
in its characteristic manner when heated to 286° to 290°, subliming with- 
out perfectly liquifying. 

As noted in the last report, substances containing considerable amounts 
of caramelized carbohydrates give results indicating the presence of 
appreciable quantities of formic acid. This has been verified by deter- 
mining formic acid in infusions of five samples of roasted coffee of known 
history. The infusions were prepared by boiling 100 grams of ground 
coffee with 500 to 600 cc. of water, filtering, washing with hot water, 
boiling down the filtrate and washings to about 100 cc., and conducting 
the determination upon this extract. They yielded the equivalent of 
60, 43, 72, 109 and 111 mg. of formic acid respectively, the identity and 
amount of formic acid being verified in the last two cases by the carbon 
monoxid method of Wegner, the gas evolved representing 0.115 and 0.123 
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per cent, respectively. A sample of roasted chicory gave 48 mg. of formic 
acid by the Fincke method. Two samples of commercial caramel used 
for coloring purposes gave respectively 602 and 236 mg. of formic acid 
per 100 grams. Three samples of cocoa gave respectively 22, 30, and 18 
mg. of formic acid per 100 grams. In order to ascertain whether prepa- 
rations containing highly-roasted cereal may appear to contain formic acid 
from this source, several very dark beers were subjected to the procedure 
with results indicated below: 


SERIAL NO. 

PRODUCT 

MERCURIC 
CHLORID REDUC- 
TION EQUIVA- 
LENT TO MO. OP 
FORMIO ACID 

N. Y. 48771 

Guineas’ Stout Extra 

mg. per 100 cc. 
2.2 

48662 

La Tropica, Dark Beer 

Bass’ Dog’s Head Ale 

1.5 

48717 

1.0 

48584 

Sparkling English Ale 

Hop’s Dark Imitation Beer (non-alcoholic) 

1.0 

44283 

4.1 


Except in the caramel itself or in a highly-roasted solid like coffee the 
amount of formic acid from caramelized carbohydrates as determined by 
this method appears to be negligible. It may be mentioned in this con- 
nection that in case the substance under examination is overheated in the 
course of the distillation and the sugars more or less caramelized the results 
are certain to be too high. An instance of this was mentioned in the last 
report and for the sake of comparison is again given together with two 
more recent cases. 


SUBSTANCE 

CARAMELIZED DUR1NO 
DISTILLATION 

PROPERLY DISTILLED 

Grape jelly 

per cent formic acid 

0.028 

0.085 

0.064 

per cent formic acid 

0.008 

0.006 

0.005 

Cherry jam 

Strawberry jam 


As a further possibility of formic acid appearing to arise in food products 
through the agency of natural processes the statement of Kingzett and 
Woodcock 1 was considered, in which it is said that the slow oxidation of 
terpenes in the presence of moisture produce the preservative. Into each 
of four bottles 200 cc. of water were introduced and this covered with 5 cc. 
of lemon oil, the neck of the bottle being closed with a loose cotton plug. 
The bottles were allowed to stand in a dark closet, three for 12 months 
and one for 16 months the contents being occasionally shaken during 

‘Chem. News, 1912, 105 : 20; J. Soc. Chem. Ind., 1910, 29 : 791. 
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these periods. At the end of the time an excess of magnesium carbonate 
was added and the mixture filtered. Formic acid was determined by 
Fincke’s method in 100 cc. of the clear filtrate. The amount of formic 
acid found per 100 ec. of filtrate was as follows: In the 12-month experi- 
ment, 21.2, 28.9, 22.5 mg.; in the 10-month experiment, 35.2 mg. 

During the year a number of commercial products as well as some fruit 
juices pressed by the referee were examined by the method with a view 
toward ascertaining how much mercuric chlorid is ordinarily reduced by 
different products free from added formic acid. The results are tabulated. 

TABLE 2. 


Analysis of fruit juices and commercial, products. 


SERIAL NO 

BUBSTANt E 

MERCURIC CHLOKID 
REDUCTION 
EXPRESSED AS 
FORMIC ACID 


Apricot juice 1 . . . . 

l>rr cent 

0 001 


Strawberry juice 1 

0 003 


Gooseberry juice 1 

0 003 


Raspberry juice 1 

0 004 


Blackberry juice 1 

0 003 


Cherry juice 1 

0 004 


Peach juice 1 

0 002 


Pineapple juice 1 

0 006 


Apple juice 1 

0 005 


Apple juice 1 

0 006 

N. Y. 42677 

Pineapple juice, Cuban 

0.007 

43099 

Strawberry liqueur . 

0 003 

43100 

Cherry sirup 

0 006 

44291 

Cranberry jam 

0.018 

44702 

Orange pulp 

0.002 

45595 

Lime juice 

0 001 

47072 

Plum jam 

0 005 

45583 

Raspberry sirup 

0 005 

45623 

Blackberry cordial 

0 003 

45859 

Red currant jelly 

0 007 

45860 

Raspberry and euriant jam 

0 004 

45861 

Raspberry jam 

0.011 

46560 

Cider 

0 002 

46134 

Wild bramble and apple jelly 

0 004 

46133 

Orange marmalade 

0 003 

46826 

Raspberry sirup 

0 006 

46827 

Strawberry si ru p 

0 008 

46831 

Lime juice . 

0 005 

47009 

Lime juice cordial (contained salicylic acid) 

0 006 

46927 

Currant jelly 

0 013 

47527 

Strawberry juice 

0 004 

47652 

Lemon juice 

0.003 

47918 

Apricot pulp 

0 004 

48076 

Cherry cordial 

0 008 

48213 

Pineapple sirup 

0 005 

48331 

Raspberry sirup . 

0 006 

48332 

Raspberry sirup 

0.005 

48720 

Pineapple pulp (Straits Settlements) 

0.005 

49009 

Apricot pulp 

0.006 

49012 

Raspberry jam 

0.007 


1 Piusseci by associate relereo. 
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TABLE 2.— Continwi, 


Analysis of fruit juices and commercial products . 


•■RIAL NO. 

SUBSTANCS 

MERCURIC CHLOBID 
REDUCTION 
EXPRESSED AS 
FORMIC ACID 

49013 

Strawberry jam ' 

per cent 

0.008 

49014 

Black currant jam 

0.008 

49105 

Cherry jam . . . ’ 

0.004 

49106 

Strawberry jam 

0.009 

49107 

Raspberry jam 

0.007 

49147 

Strawberry jam 

0.010 

49195 

Apricot pulp 

0.006 

49198 

Apricot pulp 

0.004 

49221 

Pineapple pulp (Straits Settlements) 

0.007 

49298 

Pineapple pulp (Straits Settlements) 

0.004 

49521 

Strawberry pulp 

0.003 

Various 

Eighteen samples of honey from Cuba, Santo 
Domingo and Mexico varied between 

0.002 and0.016 




Among the miscellaneous samples examined were a Russian caviar 
(0.011 per cent formic acid), two samples of English table sauces (0.021 
and 0.011 per cent), and a Japanese sake (0.001 per cent). The referee 
wishes to express his acknowledgments to M. G. Wolf of the New York 
Food and Drug Inspection Laboratory to whom credit is due for the 
examination of a large part of the commercial samples here given. 

The fact that honey naturally contains little or no formic acid is fur- 
ther established by the recently-published work 1 of several authors who 
have examined authentic samples and found between 0.001 and 0.028 
per cent. 

During the past year five fruit products of foreign origin have been 
found to contain added formic acid. The amounts found ranged between 
0.03 and 0.25 per cent. The products consisted of two raspberry sirups, 
a black currant sirup, an elderberry sirup, and a cranberry juice. In 
one case the manufacturer furnished the information that 0.05 per cent 
of formic acid had been added to his product. The amount found was 
0.041 per cent which accords well with his statement when it is considered 
that the acid used by the manufacturer was probably not absolute but of 
a concentration ranging between 60 and 80 per cent. 

The results of experimental work upon a practical qualitative test for 
formic acid have proved somewhat unsatisfactory. A practical qualita- 
tive test should give an absolutely negative indication in the absence of 
added formic acid. The reduction of the formic acid in the steam dis- 
tillate of food products by means of magnesium ribbon according to the 

1 Ber. d. Nahr. Unters., Bromberg, 1912, v. 20: Jahresber. d. Nahr .-Unters- 
] .andwirtschaf tskammer far Brandenburg, Berlin und Frankfort a. O., 1912, v. 34: 
Jahresber. d. Nahr. Unters., Kiel, 1912, v. 16: Jahresber. d. Chem. Unter. Hannover, 
1912, v. 18. 
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method proposed by Fincke and given in detail in the associate referee's 
previous report was found in this year's work to give a slight positive test 
in a number of samples of natural products in which added formic acid 
was known to be absent. It is true that when added formic acid amount- 
ing to about 0.1 per cent or more was present the test became decidedly 
stronger and to an experienced worker the results probably would not 
prove misleading. The associate referee does not feel that it ought to 
be recommended as a general test. The tests proposed by Shannon 1 
are excellent and reliable. They are based upon four characteristics of 
formic acid: Its volatility with steam, the crystal form of its lead salt, 
the formation of carbon monoxid when heated with concentrated sul- 
phuric acid, and its reducing power. Two of these characteristics are 
employed in the Fincke quantitative method with less consumption of 
time and with the added information of quantity. The crystallographic 
recognition requires special knowledge, but the formation of carbon 
monoxid taken together with the results of the Fincke determination is 
sufficient and convincing proof. While Shannon's method is excellent 
for obtaining this test the Wegner procedure 2 is perhaps to be preferred 
because with about the same amount of manipulation and time quan- 
titative results are obtained. Working with the apparatus recommended 
by Rohrig 3 the associate referee obtained the following results upon two 
pure fruit juices containing known amounts of formic acid: 


Formic acid in pure juices. 




AMOUNT FOUND BY 

AMOUNT FOUND BT 

8UB8TANCK 

AMOUNT VDDED 

FINCKE METHOD 

H&HKia METHOD 

Strawberry juice 

0.0992 

0.0941 

0.0982 

do 

0.0496 

0.0465 

0.0500 


RECOMMENDATIONS. 


In view of the excellent results obtained by the collaborators with the 
Fincke method last year and considering the results of the examination 
of the varied commercial and natural products during the present year, 
it is recommended that the Fincke method be adopted as a provisional 
method by the association, with all the details as given in the report of 
last year. 

It is also recommended that the Wegner method be submitted to trial 
as a confirmatory test, and that steps be taken to secure a reliable quanti- 
tative method for the determination of saccharin in foods. 

No report was made by the referee on water in foods and feeding stuffs. 

1 J. Ind. Eng. Chem., 1912, 4 : 526. 

2 Zts. anal. Chem., 1903, 42 : 427. 

*Zta. Nahr. Genussm., 1910, 19 : 4. 
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REPORT ON INORGANIC PHOSPHORUS IN ANIMAL 
AND VEGETABLE SUBSTANCES. 

By E. B. Forbes, Referee , and F. M. Beegle (Agricultural Experiment 

Station, Wooster, Ohio). 

INORGANIC PHOSPHORUS ESTIMATION IN ANIMAL TISSUES. 

In previous referee work on inorganic phosphorus estimation in ani- 
mal tissues three methods have been compared, namely, the neutral 
molybdate method of Emmett and Grindley, the modified barium chlorid 
method of Siegfried and Singewald, and the magnesia mixture method 
of Forbes and associates. Satisfactory comparisons of these methods 
have been made on muscle, the results being practically identical; and 
certain important limitations to the applicability of the two methods 
first mentioned, to tissues other than muscle, have been established. It 
was now desired to test, by the method of recovery of added phosphates, 
the accuracy of the magnesia mixture method, in its latest form, with 
animal tissues of diverse character, and also to study individually, a num- 
ber of details of this method, as: (1) The influence of heat, as specified; 
(2) the method of filtration; (3) the completeness of extraction; (4) the 
ilfluence of ammonium sulphate, as specified; (5) the effects of varying 
amounts of ammonium sulphate; and (6) different methods of use of am- 
monium sulphate. 

In the test of the accuracy of the magnesia mixture method, determina- 
tions were made, in triplicate, on blood, brain, flesh, and liver, with and 
without the addition of known amounts of inorganic phosphate. The 
detailed directions followed in this test arc on pages 562 to 565, and 
the results are set forth in Table 1 . The results of the further analytical 
proving of the details of the method were all made on blood. The data 
are to be found in Tables 2 to 5. 

PREPARATION OF COLD WATER EXTRACT OF MUSCLE. 

, A. COLD WATER EXTRACT OF MUSCLE. 

Weigh out 10 to 12 grams of fresh muscle, and divide as nearly equally as possible 
between two small beakers. Moisten the samples with a few cubic centimeters of 
distilled water, and break up lumps with a glass rod. Add 50 cc. of water to each 
beaker and stir contents for 15 minutes. Allow insoluble residue to settle for 3 to 
5 minutes; then decant the liquid from each beaker through filters into beakers; 
allow to drain and add 25 cc. of distilled water. Stir for 7 to 8 minutes, and after 
allowing to settle, decant onto the skme filter. Continue this treatment, using each 
time 25 cc. of water, until the filtrates measure about 230 cc. each. Allow the filters 
to drain completely between extractions. Whenever the major portion of the resi- 
due has become mechanically transferred to the filter, return it to the beaker, using 
great care not to break the filter paper. After the last extraction throw the entire 
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contents of each beaker onto the filter, and, when drained, wash twice with small 
quantities of distilled water. Combine the two extracts, and use for the precipi- 
tation of the phosphates as described on page 565. 

B. COLD WATER EXTRACT OP MUSCLE PLUS PHOSPHATE. 

Weigh out 10 to 12 grams of flesh, and divide as nearly equally as possible between 
two small beakers; work up with a few cubic centimeters of distilled water; add 25 cc. 
of aqueous solution of disodium phosphate equivalent to about 40 mg. of magnesium 
pyrophosphate dividing as nearly equally as possible between the two beakers and 
proceed as directed under a. The extract thus obtained is ready for precipitation 
as described on page 565. 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT 

OF BLOOD. 

A. HOT WATER AMMONIUM SULPHATE EXTRACT OP BLOOD. 

Weigh out 30 to 35 grams of fresh blood (entire portions as caught from the animal ) 
into a porcelain mortar. Grind and transfer to a 400 cc. beaker with hot distilled 
water, make up to about 150 cc. with boiling distilled water, place over a flame, and 
gradually bring to boiling, with constant stirring; when boiling begins add 20 cc. of 
20 per cent ammonium sulphate solution, boil, with constant stirring, for about 10 
minutes, decant onto an 18 cm. filter paper, receiving the filtrate in an 800 cc. beaker. 
When the liquid is through, lift the coagulum from the paper, being very careful to 
not break the paper filter, and transfer it, along with that remaining in the beaker, 
to the mortar. Grind to a smooth paste and transfer from mortar to beaker with 
boiling 3J per cent ammonium sulphate. Make up to about 50 cc. with the same, 
stir for 8 minutes, and pour contents again onto the filter paper. After the extract 
is through, return the coagulum to the mortar and grind a second time, transferring 
to the beaker as before with boiling 3$ per cent ammonium sulphate. Repeat this 
process of 8-minute extractions of the coagulum in 3J per cent ammonium sulphate, 
and filtration as just directed, without further grinding, until the filtrate measures 
about 450 cc. Wash out each beaker twice with 8 to 10 cc. of hot 3J per cent am- 
monium sulphate, completing the transfer of the coagulum and extract to the filter 
paper. Wash the coagulum on the paper twice with boiling 31 per cent ammonium 
sulphate from a wash bottle. At all times allow the filter to drain well between addi- 
tions of extract or wash solution. This extract of about 500 cc. is ready for precipi- 
tation as described on page 565. 

B. HOT WATER AMMONIUM SULPHATE EXTRACT OF BLOOD PLUS PHOSPHATE. 

Weigh out similar quantities of blood, grind in a mortar, and transfer to a beaker 
as specified in a. Add 25 cc. of an aqueous solution of disodium phosphate equiva- 
lent to about 40 mg. of magnesium pyrophosphate and proceed as directed under a . 
The extract of about 500 cc. is ready for precipitation as directed on page 565. 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT 

OF LIVER. 

A. HOT WATER AMMONIUM SULPHATE EXTRACT OF LIVER. 

Weigh by difference from closed weighing bottles 15 to 20 gram portions of finely 
ground liver into 400 cc. beakers. Add a few cubic centimeters of cold distilled 
water, and beat up with a stirring rod to separate the particles of tissue. Add enough 
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boiling distilled water to make the volume up to 150 cc. ; place over a flame and bring 
to boiling. Add 10 cc. of 20 per cent ammonium sulphate and continue to boil for 
10 minutes. Remove from the dame, allow to settle for a moment and decant the 
boiling-hot liquid onto 18 cm. paper filters. Add 50 cc. of boiling water and stir 
for 8 minutes, without further heating over a flame, and decant onto the filter again. 
Repeat this addition of 50 cc. of hot distilled water, stirring, and decanting eight 
times, returning the coagulum to the beaker as soon as any considerable amount 
collects on the filter. With the eighth portion of water throw the entire contents 
of the beaker onto the filter and wash twice with hot water from a wash bottle. At 
all times allow the filter to drain well between additions of extract or wash water. 
This extract of about 600 cc. is now ready for precipitation as described on page 565. 

B. HOT WATER AMMONIUM SULPHATE EXTRACT OF LIVER PLUS PHOSPHATE. 

Weigh out portions of liver as specified above. Work up with a few cubic centi- 
meters of cold distilled water; add 25 cc. of an aqueous solution of disodium phos- 
phate, equivalent to about 40 mg. of magnesium pyrophosphate and proceed as 
directed under a. The extract of about 600 cc. is ready for precipitation as directed 
on page 565. 

PREPARATION OF HOT WATER AMMONIUM SULPHATE EXTRACT 

OF BRAIN. 

A. EXTRACTION OF BRAIN. 

Weigh out about 10 grains of brain into a 250 cc. beaker. Add a few cubic centi- 
meters of distilled water, and work up the brain and water with a glass rod. Make 
up to about 100 cc. with boiling water; place over a flame, and gradually bring to 
boiling, with constant stirring. While boiling vigorously (not before) add 20 cc. of 
20 per cent ammonium sulphate solution; boil gently for about 10 minutes; allow to 
settle for a moment, and decant liquid slowly onto a filter of sand on linen, receiv- 
ing the extract in an 800 cc. beaker. Add to the beaker containing the coagulum 
50 oc. of a 3| per cent ammonium sulphate solution, stir for 1 minute, keeping over 
flame and at the boiling point ; decant the liquid onto the filter. Repeat this process 
of one-minute extractions of the coagulum in 3J per cent ammonium sulphate solu- 
tion, and filtration as just directed, until the filtrate measures about 450 cc. Wash 
out the beaker twice with 8 to 10 cc. of hot 3} per cent ammonium sulphate solution, 
completing the transfer of the coagulum and extract to the sand. Wash the coagu- 
lum twice with the above wash solution from a wash bottle. At all times allow the 
filter to drain well between additions of extract or wash solution. 

This extract of about 500 cc. is ready for precipitation as directed on page 565. 

B. EXTRACTION OF BRAIN PLUS PHOSPHATE. 

Weigh out about 10 grams of brain; work up with a few cubic centimeters of distilled 
water, add 25 cc. of an aqueous solution of disodium phosphate equivalent to about 
40 mg. of magnesium pyrophosphate and proceed as directed under a. The extract 
thus obtained is ready for precipitation as described on page 565. 

PRECAUTIONS. 

In making extracts of brain it is desirable that the analyst give careful attention 
to the handling of the sample. The coagulum is very soft. It should be stirred 
only enough to keep it in motion. If roughly handled in returning from the sand 
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filter to the beaker it becomes too much broken up and holds onto a great deal of 
liquid. To prevent the extract or the coagulum from coming into contact with the 
linen before passing through the sand, pour the extract slowly into a slight depres- 
sion in the center of the sand, or, better yet, onto a thin film of absorbent cotton 
If inches in diameter, laid over a depression in the sand. The coagulum remains 
on the cotton, and its return to the beaker is thereby much facilitated. If the cotton 
is not broken up by needless stirring it can be taken out of the beaker with a glass 
rod and returned to the sand each time a partial extract is to be filtered. Care is 
necessary to prevent loss through bumping, on account of sand in the beakers dur- 
ing the last extractions. Three determinations at a time are enough for one man to 
handle) but, with some risk of loss, one can handle six. Each partial extract should 
be boiling hot at the time filtration begins. 

MAGNESIA MIXTURE METHOD FOR THE DETERMINATION OF INORGANIC 
PHOSPHORUS IN EXTRACTS OF ANIMAL TISSUES. 

Treat three of the extracts prepared according to the directions on the preceding 
pages according to Section A and three of those prepared according to Section B as 
follows: 

Add 50 cc. of magnesia mixture, stirring f reply ; allow to stand 15 minutes; add 25 
cc. of ammonia (specific gravity 0.90) ; cover, and allow to stand 3 days. On the 
morning of the third day filter, and wash the precipitate with 2.5 per cent ammonia 
water. Dissolve the precipitate on the filter paper and that remaining in the beaker 
in which the precipitation was made with dilute nitric acid (1 : 1) and hot water, 
receiving the solution in 400 cc. beakers. Neutralize the nitric acid with ammonia; 
make slightly acid with nitric acid. Add 5 grams of ammonium nitrate, and pre- 
cipitate in the usual way with molybdate solution. Continue in the usual way for 
the gravimetric estimation of phosphorus as the pyrophosphate. 

RESULTS ON ANIMAL SUBSTANCES. 

The data in Table 1 show that, as tested by the recovery of added 
phosphates, the magnesia mixture method gives results apparently char- 
acterized by a high degree of accuracy. The recovery of added phos- 
phates was 96 per cent with liver, 97 per cent with flesh, 99 per cent with 
brain and 100 per cent with blood. 

In consideration of the close agreement of triplicates, the high percent- 
age of recovery of added phosphates, and the amounts of coagulum from 
which the phosphates were recovered, these results are considered a satis- 
factory demonstration of the reliability of the method. 

In the further scrutiny and analysis of the method, however, it was 
deemed advisable to test individually certain of its details. Blood was 
selected for this work, since the ready decomposition of its phosphocamic 
acid was considered likely to reveal improper procedure. The results of 
these studies on blood are set forth in Tables 2 to 5. Table 2 gives re- 
sults from a study of the effects of heat and ammonium sulphate in this 
estimation on a cold water extract of steer blood. This extract was ob- 
tained through the use of a centrifuge. 



TABLE 1. 


Test of magnesia mixture method for inorganic phosphorus in animal tieeues by recovery 
of added phosphates (Analyses by F. M. Beegle). 

[A a* Without phosphates; B « With added phosphates.] 


SAMPLE AMD 
determination 

WEIGHT OP 
SAMPLE 

» 

WEIGHT OF 
MAGNESIUM 
PYROPHOS- 
PHATE* 

INORGANIC 

PHOSPHORUS 

PHOSPHORUS 
ADDED AS 
MAGNESIUM 
PYROPHOS- 
PHATE 

ADDED PHOSPHORUS 
RECOVERED AS MAGNESIUM 
PYROPHOSPHATE 

Blood: 

A-l 

grams 

31.30 

30.00 

25.00 

grams 

0.0069 

0.0069 

0.0051 

per cent 

0.00614 

0.00641 

0.00568 

grams 

grams 

per cent 

A-2 




A-3 




Average 



0.00607 




B-l 

26.10 

28.20 

30.50 

0.0558 

0.0563 

0.0572 


0.0501 

0.0501 

0.0505 


B-2 




B-3 




Average 




0.0497 

0.0502 

101.00 

A-l 

33.70 

33.60 

31.20 

0.0064 

0.0060 

0 0060 

0.00529 

0.00505 

0.00544 

A-2 

A-3 




Average 



0.00526 




B-l 

B-2 

B-3 

30.40 

32.20 

35.80 

0.0550 

0.0557 

0.0568 

0.0493 

0.0496 

0.0500 


Average 




0.0496 

0.0496 

0.0263 

0.0264 

0.0263 

100.00 

Brain: 

A-l 

A-2 

A-3 

8.5600 

7.7011 

9.2368 

Lost 

0.0176 

0.0209 

0.0636 

0.0630 

Average 

B-l 

B-2 

B-3 

Average 

10.7215 

9.2277 

10.5182 

0.0507 

0.0474 

0 0502 

0.0633 





070266 

0.0263 

98.87 

Flesh: 

A-l 

A-2 

A-3 

13.4653 

10.3444 

11.1769 

0.0272 

0.0207 

0.0223 

0.0562 

0.0557 

0.0555 

Average 

B-l 

B-2 

B-3 

Average 

10.9638 

11.7942 

11.3154 

0.0694 

0.0725 

0.0708 

0.0558 


0.0474 

0.0488 

0.0481 





0.0496 

0.0481 

“96 97 

Liver: 

A-l 

A-2 

16 2155 
13.8000 
14.4309 

0.0627 

0.0552 

0.0519 

0.1077 

0.1144 

0.1002 

A-3 

Average 






0.1064 




B-l 

14.9094 

14.9658 

16.2232 

0.1045 

0.1054 

0.1094 


0.0475 

0.0482 

0.0474 


B-2 

B-3 

Average 






0.0496 

0.0477 

96.16 


All blames deducted. 


566 
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In sets A and C the phosphates were precipitated direct, with magnesia 
mixture, with and without ammonium sulphate added (in the cold) before 
precipitation. The results were practically identical, and show that, in 
the colcf, ammonium sulphate does not affect inorganic phosphate deter- 
mination in blood. Sets B and D were boiled with different amounts of 
ammonium sulphate added. 

TABLE 2. 

Effects of boiling and varying amounts of ammonium sulphate in the estimation of 
inorganic phosphorus in steer blood by the magnesia mixture method . (Analyses 
by F M. Beegle). 

[Cold water extracts.] 


TREATMENT 1 

i 

S\MPLE NO. 

VOLUME OP 
EXTRACT 

WEIQHT OK 
MAGNESIUM 
PYROPHOS- 
PHATE 

WEIGHT OF 
PHOSPHORUS 



CC. 

gram 

mg. 

Extract precipitated direct with 

A-l 

300 

0.0091 

2.535 

magnesia mixture 

A-2 

300 

0.0087 

2.424 


A-3 

300 

0.0087 

2.424 


Average . . . 



2 461 

Extract brought to boiling; am- 

B-l 

300 

0 0079 

2.201 

monium sulphate added to 

B-2 

300 

0.0078 

2.173 

make 1.25 per cent solution, 

B-3 

300 

0 0081 

2.257 

then boiled for 10 minutes 






Average 



2.210 

Same as A, with ammonium sul- 

C-l 

300 

0.0085 

2.368 

phate added before precipita- 

C-2 

300 

0 0085 

2.368 

tion to make 1.25 per cent 

0-3 

300 

0.0086 

2.396 

solution 






Average . . . 



2.374 

Same as B, with ammonium sul- 

D-l 

300 

0.0075 

2.090 

phate added to make 3$ per 

D-2 

300 

0.0074 

2.062 

cent solution 

D-3 

300 

0.0073 

2.034 


Average. . 



2.062 


1 All of the extracts and filtrates were precipitated by adding 50 cc of magnesia mixture to the cool solu- 
tion, and then, after standing a short period, 25 cc. of ammonia (specific gracity, 0.90). 


The boiling and precipitation of inorganic phosphates in a 1.25 per 
cent solution of ammonium sulphate (20 cc. of 20 per cent ammonium 
sulphate as specified) gave weights of magnesium pyrophosphate 0.15 
mg. greater than those obtained from boiling and precipitation in a 3.33 
per cent solution of ammonium sulphate. The results were, in both 
B and D, appreciably lower than those obtained from A and C, with and 
without ammonium sulphate, but without boiling. These results show, 
therefore, that ammonium sulphate, in the cold, is without influence on 
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TABLE 3. 

Completeness of extraction and effects of boiling and ammonium sulphate in the esti- 
mation of inorganic phosphorus in calf blood by the magnesia mixture method (Analy- 
ses by F. M. Beegle) . 

f [Cold water extracts.] 


' 

TREATMENT 1 

SAMPLE NO. 

VOLUME OF 
EXTRACT 

WEIGHT OF 
MAGNESIUM 
PYROPHOS- 
PHATE 

WEIGHT OF 
MAGNESIUM 
PYROPHOS- 
PHATE 
ADDED 

ADDED PHOSPHORUS 
RECOVERED 



r<\ 

grams 

gram 

gram 

per cent 

Extract precipitated 

A-l 

300 

0.0107 




direct "with mag- 

A-2 

300 

0.0105 




nesia mixture 

A-3 

300 

0.0103 












Average.... 


0.0105 






M! 




Same as A-l, A-2, A-3 

A-4 

300 

0.0619 




plus 25 cc. of phos- 

A-5 

300 

0.0618 




phate solution 

A-6 

300 

0.0620 






Average ... 


0 0619 

0 0517 

0.0514 

99.42 

Extract brought to 

B-l 

300 

0.0083 

boiling, 20 cc. of 20 

B-2... . 

300 

0.0086 




per cent ammon- 

B-3 . .. 

300 

0.0091 




mm sulphate ad- 







ded, and boiled for 







10 minutes, filtered, 







and washed by de- 







cantation 








Average... . 


0.0087 




Same as B-l , B-2, B-3 

B-4. ... 

.300 

0.0090 




but c o a gu 1 u m 

B-5. 

300 

0 0084 




ground with fine 

B-6 

300 

0.0088 




sand for more com- 







plete extraction 







and washing 

| 







Average.. . . 


0.0087 




Same as B-l , B-2, B-3 

C-l 

300 

0.0603 




plus 25 cc. of phos- 

C-2 

300 

0.0601 




phate solution 

C-3 

300 

0.0604 











Average.... 


0.0603 

0.0517 

0.0516 

99.86 

Same as B-4, B-5, B-6 

C-4 

300 

0 0601 




plus 25 cc. of phos- 

C-5 

300 

0.0609 




phate solution 

C-6 

300 

0.0602 





Average.... 


0.0604 

0.0517 

0.0517 

100.00 


* All of the extracts and filtrates were precipitated by adding 50 cc. of magnesia mixture to the cool solution, 
and then, after standing a short period, 25 cc. of ammonia (specific gravity, 0.90). 
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the inorganic phosphorus estimation, but that boiling and ammonium sul- 
phate together not only do not split off inorganic from organic phosphorus 
compounds, but, as shown by the lower results obtained, cause a coagula- 
tion and precipitation of organic phosphorus in the water extract which, 
when not so precipitated, remains in solution until precipitated by the 
magnesia mixture, after which it may be hydrolyzed by nitric acid in the 
later steps of the phosphorus estimation. 

Considering the possibility that the lower results obtained in the presence 
of ammonium sulphate might be due to the mechanical inclusion of phos- 
phates in the coagulum, another set of determinations was made, as re- 
ported in Table 3. The grindingof the coagulum with sand, to allowmore 
complete extraction and washing, gave exactly the same result as did the 
washing of the coagulum by decantation, in the usual way. Therefore, 
the extraction, as usually carried out, is complete, and coagulation by 
boiling and ammonium sulphate does not lock up inorganic phosphate 
by mechanical inclusion. Further, as in the previous set of analyses, 
lower results were obtained with boiling and ammonium sulphate than 

TABLE 4 

Effects of boding and ammonium sulphate in the estimation oj inorganic phosphorus 
in steer blood by the magnesia mixture method (Analyse? by F. M. Becgle). 

[Cold water extracts.] 


rim VI MF,\T* 

SAMPLE NO 

-V OLtTME OF 
EXTRACT 

WEIOHr (IF 
MU.NE8IUM 
PYROPHOS- 
PHATE 
ADDED 

WBuntT OF 
PHOSPHORUS 



(C 

yrarn 


Extract precipitated direct 

A-l.. . 

200 

0.0075 

2.089 

with magnesia mixture 

A-2 

200 

0.0070 

1.950 


A-3. .. . 

200 

0.0070 

1,950 


Average.. . 


0.0072 

1.996 

Extract precipitated as A-l 

A- 4... . 

200 

0,0076 

2.117 

A-2, A-3 and precipitate dis- 

A-5 . . 

200 

0.0073 

2.034 

solved in acid alcohol (0.2 

A -6. . . 

200 

0.0065 

1.811 

per cent nitric acid) and 





phosphorus determined in 





aliquot of this solution 






Average... . 


0.0071 

1.987 

Extract boiled for 10 minutes 

B-l 

200 

0.0062 

1.727 

with 20 cc. of 20 per cent am- 

B-2 

200 

0.0058 

1.616 

monium sulphate, filtered 

B-3 

200 

2 0 0096 


and precipitated dir ect, 






Average... . 


0.0060 

1.671 


» All of the extracts and filtrates wore precipitated by adding 60 cc. of magnesia mixture to the cool solu- 
tion, and then, after standing a short period, 25 cc. of ammonia (specific gravity, 0.90). 

* Precipitate of magnesium pyrophosphate fused, not included in average. 
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with direct precipitation in the cold, though the recoveiy'of added phos- 
phates was perfect in both cases. This reinforces our previous obser- 
vation as to the precipitation of organic phosphorus from cold-water 
extracts of blood, along with the inorganic phosphates. Thus, boiling 
and ammonium sulphate are needed to coagulate a certain water-soluble 
organic phosphorus fraction of blood in the estimation of inorganic phos- 
phorus by the magnesia mixture method. 

The results in Table 4, show that acid alcohol (0.2 per cent nitric acid) 
will dissolve the organic phosphorus compound which is precipitated, along 
with the phosphates, by magnesia mixture alone, in cold-water extracts 
of blood, a separation of the organic from the inorganic phosphorus in 
this precipitate, by the use of this reagent, therefore, not being possible. 

In Table 5 are results from tests made to determine (1) whether hot water 
or ammonium sulphate should be used in the completion of the extrac- 
tion of the coagulum from the boiling with ammonium sulphate, and (2) 
whether, in the extraction of blood, the partial extracts should be filtered 
through sand on linen or through filter paper. 

Lower results (and, therefore, in the light of the previous evidence, 
more nearly accurate results) were obtained when a 3.33 per cent solution 
of ammonium sulphate, rather than hot water, was used in the com- 
pletion of the extraction of the coagulum. The recovery of added phos- 
phates was also higher when the ammonium sulphate solution was used 
to complete the extraction of the coagulum. Filtration of the blood ex- 
tracts through paper was found preferable to filtration through sand on 
linen. 

This table reports a further test of the desirability of using ammonium 
sulphate in the completion of the extraction of the coagulum from the 
preliminary boiling with ammonium sulphate. As in the previous work 
the results obtained favored the use of 3.33 per cent ammonium sulphate 
solution to complete the extraction since this procedure led to lower 
results for inorganic phosphorus and more nearly perfect recovery of 
added phosphates. 

There are also given results from a comparison of the use of different 
amounts of ammonium sulphate in the coagulation and extraction of 
blood. No advantage could be demonstrated as due to the use of solu- 
tions of ammonium sulphate more concentrated than the 3.33 per cent 
solution used in the preceding tests; that is, the use of a 3.33 per cent solu- 
tion gave lower, and apparently more nearly accurate results than were 
obtained with a 1.25 per cent solution, while further increase of the con- 
centration of the ammonium sulphate solution did not lead to further 
decrease in inorganic phosphate. 



TABLE 5. 

Use of ammonium sulphate and filtration in the estimation of inorganic phosphorus 
t« steer blood by the magnesia mixture method (Analyses by F. M. Beegle). 
' [Hot water ammonium sulphate extracts.] 



Sample extracted in 
usual way with 20 
cc. of 20 per cent 
ammonium sul- 
p h a t e; filtered 
through sand on 
linen 


Same as 1, 2, 3, plus 
25 cc. of phosphate 
solution 


Sample extracted as 
usual; subsequent 
extractions made 
with 3J per cent 
hot ammonium sul- 
p h a t e; filtered 
through sand on 
linen 


Same as 7, S, 9, plus 
25cc. of phosphate 
solution 


cc. of phosphate 
solution ; filtered 
through paper in- 
stead of sand on 
linen (4, 5, 6) 


25 cc. of phosphate 
solution; subse- 
quent extraction 
with 3| per cent 
ammonium sul- 
phate; filtration 
through paper in- 
stead of sand on 
linen (10, 11, 12) 


SAMPLE NO. 

WEIGHT OF 
SAMPLE 

WEIGHT OF 
MAGNESIUM 

pyrophos- 

phate* 


grams 

gram 

1 

34.2 

0.0079 

2 

26.6 

0.0061 

3 

30.7 

0.0064 

Average.. . . 

30.5 

0.0068 


1 0 

0.000223 

4 

30.7 

0 0583 

5 

33.1 

0 0582 

6 

38.2 

0.0590 

Average 



7 

28.4 

0.0040 

.8 

34.2 

0.0060 

9 

39.1 

0.0069 

Average 

33.9 

0.0056 


1.0 

0.000165 

10 

37.6 

0.0590 

11 

40.9 

0 0590 

12 

32.4 

0.0576 

Average... 



13 

32.6 

0 0583 

14 

33.9 

0.0596 

Average. . . 




! 


15 

31.5 

0.0600 

16 

37.4 

0.0603 

. 

Average . . . 





0.0537 
0 0537 
0.0537 


0.0515 

0.0508 

0.0505 


0.0537 

0.0537 

0.0537 


0.0537 

0.0537 


0 0528 
0.0522 
0 0522 


0.0510 

0.0520 


0.0537 
0 0537 


0.0548 

0.0541 


0.0544 101.303 


] AJ1 filtrates were precipitated by adding 50 cc. of magnesia mixture to the cool solution, and then, after 
standing a short period, 25 cc. of ammonia (specific gravity 0.90). 

’All blanks deducted. 
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TABLE 5— Continued. 


TREATMENT 1 


SAMPLE NO. 


WEIGHT OP 
SAMPLE 


WEIGHT OP 
MAGNESIUM 
PYROPHOS- 
PHATE* 


MAGNESIUM 

PYROPHOB* 

PHATE 

ADDED 


ADDED PHOSPHOSUS 
RECOVERED 


grams 


gram 


gram 


gram 


per cent 


Sample extracted with 
20 cc. of 20 per cent 
ammonium sulphate 
as usual; all sub- 
sequent extractions 
made with hot water 


A-l 

A-2 


A-3 


Average 


Same as A-l, A-2, A-3 
plus 25 cc. of phos- 
phate solution 


A-4 

A-5 

A-6 


Average 


32.0 0.0078 

32.8 0.0080 


34.6 


33.1 


1.0 

33.5 

34.1 

26.3 


31.3 


0.0083 


0.0080 


0 00024 

0.0573 

0.0569 

0.0556 


0.0566 


0.0496 


0.0491 


Same as A-l, A-2, A-3 
except all subsequent 
extractions made with 
3i per cent ammon- 
ium sulphate solution 
instead of water 


B-l 

B-2 

B-3 


Average 


33.7 


0.0064 


33.6 0 0060 

31.2 0 0060 


32.8 0.0061 

1.0 0.00019 


Same as B-l, B-2, B-3, 
plus 25 cc. of phos- 
phate solution 


B-4 

B-5 

B-6 


Average 


30.4 

32.2 

35.8 


0 0550 
0.0556 
0.0568 


32.8 


0.0558 


0 0496 


0.0497 


100.20 


Blank 1 
Blank 2 
Blank 3 


0.0005 

0.0005 

0.0004 


J AU of the above filtrates precipitated by adding 50 cc. of magnesia mixture to the oool solution, and then 
afterstanding a short period, 25 cc. of ammonia (specific gravity, 0.96). 

* All blanks deducted. 
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TABLE 5 —Concluded. 





WEIGHT OF 

MAGNESIUM 

1 


TREATMENT 1 

SAMPLE NO 

WEIGHT OP 
SAMPLE 

MAGNE8IUM 

PYROPHOS- 

PHATE* 

PYROPHOS- 

ADDED PHOSPHOR I ft 



ADDED 




lira ms 

gram 

gram 

gram 

per cent 

Sample extracted with 

A-l 

31.3 

0.0069 




3 per cent ammonium 

A-2 

30 0 

0.0069 




sulphate solution 

A-3 

25.0 

0.0051 




throughout 






Average 

28.76 

0 0063 












1 0 

0 00022 




Same as A-l, A -2, A-3, 

A -4 

26 1 

0.0558 




plus 25 cc. of phos- 

A-5 

28 2 

0 0563 




phate solution 

A-6 

30 5 

0 0572 





Average 

28 3 

0 0564 

0 0497 

0.0502 

101 00 

Sample extracted with 

B-l 

27 8 

0 0071 




4 per cent ammonium 

B-2 

27 0 

0.0069 




sulphate solution 
throughout 

B-3 

30 8 

0 0074 




Average 

28 5 

0 0071 







1 0 

0 00025 




Same as B-l, B-2, B-3 
plus 25 cc. phosphate 

B-4 

31 4 

0 0584 




B-5 

31.2 

0 0579 




solution 

B-6 

41 3 

0 0576 





Average 

34 6 

0 0580 

0 0497 

0.0493 

99 20 

Sample extracted with 

C-l 

28 1 

0 0065 




5 per cent ammonium 

C-2 

28 2 

! 0.0070 




s u 1 p h a t e solution 
throughout 

c-3 

30.5 

1 0 0067 




Average 

28 9 

0 0067 







1 0 

0 00023 




Same as CM, C-2, C-3, 
plus 25 cc. of phos- 

( --4 

30 5 

0 0582 




C-5 

26 9 

0 0575 




phate solution 

( --6 

45.5 

0 0589 





Average 

34 3 

0 0582 

0 0497 

0.0503 

101.21 

500 cc. of 5 per cent 



0 049S 




ammonium sulphate 



0.0496 




plus 25 cc. of phos- 
phate solution 



0.0497 

0 0497' 


ioo.'oo 


*A11 of the above filtrates precipitated by adding 50 cc. of magnesia mixture to the cool solution, and then 
after standing a short period, 25 cc. of ammonia (specific gravity, 0 90). 

: AlJ blanks deducted. 
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CONCLUSIONS ON INORGANIC PHOSPHORUS ESTIMATION IN ANIMAL 

SUBSTANCES. 

(1) The magnesia mixture method gives satisfactorily agreeing results 
ou blood, brain, liver and flesh, with a recovery of 96 to 100 per cent of 
added phosphates. 

(2) Neither ammonium sulphate, nor boiling and ammonium sul- 
phate together, as used in the magnesia mixture method, were found to 
cause a splitting off of inorganic from organic phosphorus in blood. 

(3) The use of heat and ammonium sulphate, as in the magnesia mix- 
ture method, gives lower results than are obtained without heat and 
ammonium sulphate, though the recovery of added phosphates is per- 
fect; and evidence was obtained that these lower results were due not to 
inclusion of phosphates in the coagulum obtained by the use of heat and 
ammonium sulphate, but to the precipitation of water-soluble organic 
phosphorus which, without the use of heat and ammonium sulphate, 
yields up its phosphorus as inorganic phosphate, under the influence of 
the nitric acid used in the subsequent steps of the inorganic phosphorus 
estimation. 

(4) It was found advisable to wash the coagulum with 3.33 per cent 
ammonium sulphate rather than with hot water. A more concentrated 
solution was shown not to be necessary. 

(5) In the case of blood, the filtration of the extract through paper was 
found preferable to the filtration through sand on linen, which is neces- 
sary in the case of brain. 

INORGANIC PHOSPHORUS ESTIMATION IN VEGETABLE SUBSTANCES. 

In accordance with the recommendation of the association, the referee 
work on inorganic phosphorus in vegetable substances for the year 1914 
covered the following points in a study of the acid-alcohol method of 
Forbes, Lehmann, Collison and Whittier: 1 (a) The completeness of ex- 
traction; (b) the effect of using much larger amounts of magnesia mix- 
ture in the precipitation; (c) the allowing of more time for the precipitation 
with magnesia mixture; (d) the facilitating of the filtration by the use of 
the centrifuge; and (e) the use of mechanical means to break up the pre- 
cipitate in acid alcohol to insure the complete solution of the phosphate. 

RESULTS ON VEGETABLE SUBSTANCES. 

The following tabular data set forth the results of this study, the general 
method being that of the recovery of known amounts of phosphates 
introduced into the estimation. Throughout this work the centrifuge was 
used to facilitate filtration of the 0.2 per cent hydrochloric acid extracts. 
The advantage derived from this treatment was very great. Extracts 

Ohio Agr. Exper. Sta. Bui. 215 ; ThiB Journal, 1915, 1: 235. 
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which it was impossible otherwise to filter within a reasonable time were, 
with the aid of the centrifuge, filtered without difficulty or delay. 

Other constant conditions in this work were the use of an extreme 
amount, 50 cc., of magnesia mixture in the preliminary precipitation 
(instead of 10 cc. as usual), and 3 days’ time were allowed in all cases for 
the completion of this precipitation. 

Table 6 reports results from a test of the acid-alcohol method of Forbes 
and associates, with alfalfa hay, by the method of recovery of added phos- 
phates, and a test of ‘the completeness of extraction. Alfalfa was selected 
for this test as that substance which, in our previous experience, had given 
us the most trouble, and the poorest results. Samples 4, 5, and 6 as com- 
pared with 1, 2, and 3, show that the recovery of added phosphates was 
incomplete, except in the case of Sample 5, in which case, as explained in 
the footnote below the table, on account of the accidental breaking of 
the first filter paper, the precipitation was finally made in the presence 
of the pulp from this paper. In this case the recovery was complete. 
This accidental result sustained our hypothesis that our difficulty in re- 
covering added phosphates was due to the physical character of the first 
magnesia mixture precipitate, its gummy character rendering impossible 
the complete separation, in acid-alcohol, of the inorganic phosphates from 
the phytin and other substances present. This point was given further 
study. 

Determinations 7a, 8a, and 9a were made in the same way as 1, 2, and 
3. Determinations 7b, 8b, and 9b were second extractions of the resi- 
dues from determinations 7a, 8a, and 9a. The results from the second 
extraction equalled only the residual amount of phosphate clinging to the 
sample, from the first extraction; that is, no more inorganic phosphate 
was dissolved in a 3-hour extraction, following the 3-hour extraction regu- 
larly followed in the method. The extraction was complete at the end 
of the first 3-hour treatment. 

Considering the second set of samples in the table, with Samples 1 to 
9 the first magnesia mixture precipitates were extracted with 200 cc. 
of 0.2 per cent nitric acid in alcohol instead of 100 cc., as usual, in order 
to test the sufficiency of the latter amount to neutralize the ammonia 
remaining in the precipitates, and to dissolve the phosphates. With 
Samples 10 to 12 the usual 100 cc. of acid alcohol were used. The compari- 
son shows that 100 cc. of acid were probably sufficient, though the result 
from Sample 11, for some unknown reason, was low. 

The second and third sets of triplicates, Samples 4 to 9, contrast results 
from the addition of phosphates to be recovered after the extraction 
(immediately before precipitation), and previous to the 3-hour extrac- 
tion. We see here no evidence of a retention of added phosphates by 
the solid substance of the sample. 
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Determinations 13 to 15 were made to ascertain whether or not a com- 
plete recovery of phosphates could be obtained from filter paper pulp. 
It was possible to recover the phosphates completely. This test has a 
bearing on work to follow, and shows that the incomplete recovery of 
added phosphates could not be due to the presence of filter paper pulp. 

The recovery of added phosphates in these estimations on alfalfa was 
fairly satisfactory. 

TABLE «. 

Inorganic phosphorus estimation on alfalfa hay by the acid alcohol method . 

[Weight of samples, 10 grams; results represent one-half of this amount.] 


TREATMENT 


Without added phos- 
phate 


With added phosphate 


Without added phos- 
phate; same as 1, 2, 
and 3 


Second extraction of 
samples 7a, 8a and 9a 


F i 1 1 r a t c precipitated 
with 50 cc. of magnesia 
mixture plus 20 cc. of 
ammonium hydroxid: 
20 cc. of acid alcohol 
used to extract mag- 
nesia mixture precipi- 
tate 


SAMPLE NO. 

WEIGHT OP 
MAGNESIUM 
PYROPHOS- 
PHATE 

PHOS- 

PHORUS 

ADDED 

MAGNESIUM 

PYROPHOS- 

PHATE 

PHOSPHORUS RECOVERED 
AS MAGNESIUM 
PYROPHOSPHATE 

1 

2 

3 

Average 

4 

4 5 

6 

Average 

7a 

8a 

9a 

Average 

7b 

38b 

9b 

Average 

1 

2 

3 

Average 

gram 

0.0176 

0.0181 

0.0178 

per cent 

gram 

gram 

per cent 













0.0178 

0.0425 

0.0477 

0.0404 

0.0992 




0.0299 

0.0299 

0.0299 

0.0246 

0.0299 

0.0226 

82.27 

100.00 

75.58 





85.95 

0.0182 

0.0181 

0.0181 
















0.0181 

0.1008 







0.0062 
! 0.0060 
0.0058 


*0.0060 

0.0060 

..0.0060 















0.0183 

0.0180 

0.0184 














• 


0.0182 










1 During the filtration of the first magnesia mixture precipitate the filter paper broke. This paper wae 
then added to the beaker containing the precipitate, beaten up into a pulp, and the filtration continued 
through a new paper. 

* Magnesium pyrophosphate equivalent to phosphorus in solution, from previous extraction, remaining 
in the sample. 

3 Samples 7b, 8b, and Ob are the extraction residues from 7a, 8a, and Oa, with filter pat>er added, and also 
enough 0.2 per cent hydrochloric acid solution to make the original volume of 300 cc. This set was extracted 
for 3 hours to test the completeness of the previous extraction. 
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TABLE 6— Continued. 


TREATMENT 


Same plus 25 cc. of phos- 
phate solution just be- 
fore precipitation 


Same as 1, 2 and 3 of 
this set except that 
25 cc. of phosphate 
solution were added, 
shaken for 3 hours, 
filtered and filtrate 
precipitated as 1, 2 
and 3 


Same a6 7, 8 and 9 of this 
set, except that only 
100 cc. of acid alcohol 
were used in extrac- 
tion of magnesia mix- 
ture precipitate 


25 cc. of phosphate solu- 
tion put in flasks plus 
175 cc. of 0.2 per cent 
nitric acid in alcohol 
plus 2 filter papers, 
shaken, filtered and 
aliquot taken for pre- 
cipitation 


SAMPLE NO. 

WEIGHT OP 
MAGNESIUM 
PYROPHOS- 
PHATE 

PHOS- 

PHORUS 

ADDED 

MAGNESIUM 

PYROPHOS- 

PHATE 

PHOSPHORUS RECOVERED 
AS MAGNESIUM 
PYROPHOSPHATE 


gram 

per cent 

gram 

gram 

per cent 

4 

0 0603 


0.04485 



5 

0.0606 





6 

0.0604 











Average 

0 0601 



0.0429 

94.1 

7 

0.0466 


0.0299 

0.0284 

94.98 

8 

0.0466 


0.0299 

0.0284 


9 

0.0472 


0 0299 

0.0290 

96.99 

Average 





95.98 

10 

0.0467 



0.0285 

95.32 

11 

0.0*147 


* j 

0.0265 

88.63 

12 

0.0464 



0 0282 

94 31 

Average 





92.75 

13 

0 0404 


0 03987 

0.0404 

101.1 

14 

0 0404 



0.0404 


15 

0 0402 



0.0402 


Average 














Table 7 sets forth results of estimations on blue grass and rice polish, 
with and without added phosphate, with filter paper pulp added, in the 
first precipitation, to maintain a readily-permeable condition in the pre- 
cipitate. With blue grass the results may be considered perfect. With 
rice polish the recovery of added phosphates was 90 per cent efficient. 
The loss amounted to 0.0025 gram of magnesium pyrophosphate per 
determination. 

The determinations on rice polish, wheat middlings, and soy beans 
were with and without added phosphates, with phenol added to the ex- 
tractive reagent to prevent possible enzym action involving phosphorus 
compounds, and with filter paper pulp added to facilitate solution of the 
phosphates in the precipitate. The recovery of added phosphates was 
unsatisfactory; the effect of the phenol on the physical condition of the 
first magnesia mixture precipitate being of a nature to hinder the dissolv- 
ing out of the included phosphates. 
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The determinations on soy beans, wheat middlings, and oat straw were 
with and without added phosphate, with filter paper pulp, and without 
phenol added to the extracting sample. With oat straw the results are 
satisfactory. With soy beans the recovery of added phosphates was 
incomplete, while with wheat middlings 3 mg. more phosphate seem to 
have been recovered than were added. In this case the imperfection of 
the result can not be ascribed as usual, to the physical condition of the 
magnesia mixture precipitate. Here, it seems, that there must have been 
a cleavage, of inorganic from organic phosphorus, either enzymatic or 
as a result of the extractive treatment. 


TABLE 7. 


Inorganic phosphorus estimation on vegetable substances by the add alcohol method 

(. Analyses by F * M . Beegle .) 

[Weight of samples, 10 grams; results represent one-half of this amount.! 


Blue grass 


Rioe polish. 


Rice polish plus 
phosphate 


Middlings 


treatment 

SAMPLE NO. 

o 9 
< ft 

2 S a 

r* 

<0 

U> 

a 

c 

m 

g 

a 

e* 

g a 

88* 

5“S 

82S 

a a s 

0 2 
a t a 

a ' * 

PHOSPHORUS 
RECOVERED A 
MAUNEStt.'lf 
pritorRoarifA'i 



gram 

per cent 

gram 

gram 

per 1 e 

Filtrate precipitated with 50 

1 

0.0373 

0.2078 




cc. of magnesia mixture plus 

2 

0.0371 

0.2067 




25 cc. of ammonium hydrox- 

3 

0.0386 

0.2151 




id plus paper pulp 








Average 


0 2099 




Same plus 25 cc. phosphate 

4 

0 0624 


0 0250 

0 0251 

100. c 

solution 

5 

0.0623 


0 0250 

0.0252 

100 ( 


6 

0 0633 


0 0250 

0 0247 

98. fl 


Average 






Same as 1 , 2, and 3 

7 






8 

0.0070 






0 

0.0070 






Average 

0.0070 

0.0300 | 




Same as 1, 2, and 3, plus 25 cc. 

10 

0.0205 

I 

0 0250 

0 0225 


phosphate solution 

11 






12 

6.6205' 


0 0250 

0 0225 



Average 





0 0225 

90 f 

Filtrate precipitated with 50 

1 






cc. ot magnesia mixture plus 

2 

0 0080 

'616446 i 




25 cc. oi ammonium hy~ 

3 

0 0072 

0.0401 j 




droxid 



1 





Average 


0 0424 1 





4 

0.0543 


0 0708 

0.0467 

60 t 


5 

0.0461 


0.0768 

0.0385 

50.1 


6 

0.0443 


0.0768 

0.0367 

47.7 


Average 





52 5 


7 

0.0132 






g 

0.0133 






9 1 

0.0129 ] 


j 




Average 

0.0131 j 

0.0724 
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TABLE 7— Continued. 


SUBSTANCE 


TREATMENT 


Middlings plus 
phosphate 

Soy beans 


Soy beans plus 
phosphate 


Soy beans. 


Usual method, plus filter pa- 
per pulp ; without phosphate 


Soy beans plus 
phosphate 


Usual method, plus filter pa- 
per pulp; with phosphate 


Middlings. 


Same as 1, 2, and 3 of this set 


Middlings plus 
phosphate 


Same as 4, 5, and 6 oi this set 


Oat straw. 


Same as 1, 2, and 3 of this set 


Oat straw plus 
phosphate 


Same as 4, 3, and 6 of this set 


6 

fc 

i 

3 

fig 

n 

g a g 

H m O' 

* 

PHOSPHORUS 

eg. 

m m u 

Pi 

I s 

A ^ * 

■< 

PHOSPHORUS 
RECOVERED AS 
MAGNESIUM 
PYROPHOSPHATE 


gram 

per cent 

gram 

gram 

per cent 

MiiMi 

0.0830 


0.0768 

0.0699 

91.01 

11 

0 0864 


0 0768 

0 0733 

95.44 

12 

0 0847 


0 0768 

0.0716 

93.23 

Average 





93.23 

13 

0 0102 





14 

0.0105 





15 

0.0102 





Average 






16 



PP|| 


89.45 

17 





90.89 

18 



0.0768 


93 75 

Average 

0.0805 




.91.36 

1 

0 0102 





2 

0.0103 





3 

0 0101 





Average 

0.0102 

0.0568 




4 

0 0336 


0.0261 

0.0234 


5 

0.0345 


0 0261 

0 0243 


6 

0 0347 


0 0261 

0.0245 

93.87 

Average 


MVMVf 

nn 


92.33 

7 

0 0135 

■ 

■ 



8 

0.0131 





0 

0 0139 

0.0752 




Average 

fenrrm 





10 

0.0432 


0.0261 

0 0297 

113 79 

11 

0.0430 


0.0261 

0.0295 

113.02 

12 

0 0418 


0.0261 

0 0283 

108.42 

Average 





111.74 

13 

0 0062 





14 

0 0058 





15 

0.0061 





Average 

0.0060 

0.0334 




16 

0 0312 

0 0261 

0.0252 

96.55 

17 

0.0319 


WWMdl 

WHIIW.H1 

99 23 

18 

0.0318 



lltlMMl 

98 85 

Average 





98.21 







CONCLUSIONS ON INORGANIC PHOSPHORUS ESTIMATION IN VEGETABLE 

SUBSTANCES. 

(1) The use of the centrifuge very greatly facilitates the filtration of 
dilute aqueous acid extracts of vegetable substances. 

(2) The introduction of filter paper pulp into such an extraction ma- 
terially assists in the maintenance of an easily-penetrable condition in 
the magnesia mixture precipitate. 

(3) It was found possible to recover phosphates completely from filter 
paper pulp alone as used in this work. 
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(4) Evidence was obtained sustaining previous conclusions that a 3- 
hour extraction in 0.2 per cent hydrochloric acid is sufficient for the 
extraction of inorganic phosphates from finely-ground samples of vegetable 
substances. 

(5) Modification of the acid alcohol method of Forbes and associates 
by the introduction of filter paper pulp into the extraction, the use of 
excessive amounts of magnesia mixture in the first precipitation, and 
allowing unusual duration of time for precipitation gave apparently per- 
fect results, as judged by recovery of added phosphates, in certain cases, 
but unsatisfactory results in others. 

(6) Incompleteness of recovery of added phosphates was shown to be 
due not to retention of phosphates by the solid substance of the sample, 
but, in most cases to the difficulty of dissolving the phosphates out of the 
bulky and often gummy precipitate obtained from the extract by the use 
of magnesia mixture and ammonia. 

(7) We are unable, therefore, to recommend this method, or any other, 
as reliable for the estimation of inorganic phosphorus in vegetable sub- 
stances generally. 

REPORT ON HEAVY METALS IN FOODS. 

By E. L. P. Treuthahdt (Bureau of Chemistry, Washington, D. C.), 

Associate Referee. 

The work this year consisted in the study of the methods recommended 
in 1913 for determining arsenic and tin, and followed closely the lines 
worked upon last year. After communicating with R. E. Remington, 
associate referee on baking powders, it was decided that the subject Of 
the determination of lead in baking powder and baking chemicals should 
be included in his work, and consequently it was not included in the work 
on heavy metals. 

ARSENIC. 

SAMPLES. 

Two samples were made up for testing the methods. One was a sugar 
sirup containing 7.4 mg. of arsenic trioxid per kilo, and the other was a 
sweetened condensed milk containing 3.0 mg. of arsenic trioxid per kilo. 

METHODS. 

The methods tested were modifications of the Gutzeit method, mainly 
adapted from Bureau of Chemistry Circular 102. The procedures dif- 
fered from those used in 1913 chiefly in the following details: (1) The 
acid digestion was conducted in porcelain dishes instead of in flasks; 
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(2) the sulphuric acid in the generator bottles for making determinations 
and standards was 1 to 8 strength instead of 1 fco 4; (3) the reduction to 
arsenite was made on the aliquot portions instead of on the entire sample; 
(4) the standards were reduced before adding zinc. 

Method 1 . Destruction of organic matter by digestion . — Weigh 25 grams of sample 
into a porcelain casserole, cover the casserole and add 10 cc. of arsenic-free nitric 
acid. Heat until vigorous action is over, cool and add 10 cc. of arsenic-free sulphuric 
acid. Heat on a wire gauze over a flame until the mixture turns dark brown or black, 
then add more nitric acid in 10 cc. portions, heating between each addition until 
the liquid remains colorless or yellow, even after the evolution of SO* fumes. To 
remove completely all nitric or nitrous acids, evaporate to about 5 cc., and if on 
addition of water to the cooled acid, nitrogen peroxid fumes are evolved, a second 
evaporation to white fumes is necessary. Dilute the acid solution, transfer to a 
100 cc. flask and rinse out the casserole with water; cool and make up to 100 cc. with 
water. Introduce 20 cc. of this solution into a 2 ounce generator bottle, add 20 cc. 
of 1 to 4 sulphuric acid and 0.75 gram of potassium iodid. Heat to about 90°C., 
add 3 drops of stannous chlorid solution and continue heating for 10 minutes. Cool 
the bottles in a pan containing water and ice. When cold add about 15 grams of 
stick zinc in several pieces and connect with the tubes as on page 2 of Circular 102. 
Keep the bottles in ice water for 15 minutes; then take out and allow to run for 1 
hour longer. Run a blank test with reagents alone. 

Method 2. — Repeat the above procedure, omitting the use of potassium iodid. 
Instead of the iodid, use about 8 drops of 40 per cent stannous chlorid solution. 

Method 8. Separation from organic matter by precipitation with magnesium phos- 
phate mixture. — Sample 1: Weigh out 25 grams and heat with bromin water in slight 
excess. Neutralize with ammonia, add 2 grams of arsenic-free disodium hydrogen 
phosphate and precipitate with an excess of magnesia mixture. Add a slight excess 
ammonia so that its concentration is about 2.5 per cent. Instead of the phosphate, 
a corresponding amount of phosphoric acid solution may be used and the solution 
neutralized with ammonia. Filter and wash the precipitate with 2.5 per cent am- 
monia. Drain and dissolve the precipitate with 1 to 4 sulphuric acid, and wash the 
filter thoroughly with the same. Make up to 100 cc. with the 1 to 4 acid. Take 
20 cc. portions of this solution, add 20 cc. of water and 0.75 gram of potassium iodid, 
and proceed with the reduction as in Method 1. Note that by adding water to the 
acid solution, about the same acid strength is attained (1 :8), as by adding acid to the 
aqueous solution in Method 1. 

Sample 2: Weigh out 25 grams, add 50 cc. of water and 25 cc. of arsenic-free nitric 
acid and boil until the solution is clear. A slight amount of fat on the surface may 
be disregarded. Neutralize with ammonia, add the phosphate and magnesia mix- 
ture and proceed as with Sample 1. 

Method 4. — Any other modification of the Gutzeit method that has been found 
satisfactory . 


STANDARDS. 

Make up standards as on page 2 of Circular 102. The generator bottle should 
have 40 cc. solution of 1 to 8 sulphuric acid strength. Add several drops of stannous 
chlorid solution to the standards and heat for 10 minutes. Cool, add 15 grams of 
stick zinc, and run the same as the samples, having the bottles in ice water 15 minutes 
at the start. 
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REAGENTS. 

All reagents should be arsenic-free by test or else the arsenic content should be 
corrected for by blanks. Potassium iodid is used in a 15 or 20 per cent solution. 
Stannous chlorid is made 40 per cent in concentrated hydrochloric acid. 

RESULTS. 

Reports as received from seven collaborators are tabulated. H. Runkel 
used mercuric chlorid instead of bromid paper in making the tests. In 
Sample 2 by Method 3 he digested on a steam bath for 3 hours with nitric 
acid instead of boiling. 


Cooperative results on arsenic in foods . 
[Reported in mg. of arsenic trioxid (As?Oi) per kilo.J 


ANALYST 

SAMPLE 1 

SIMPLE 2 

Method 

Method 

1 

Digestion 

2 

Without 

potassium 

iodid 

3 

Preip Na- 
tion 

1 

Digestion 

2 

Without 

potassium 

iodid 

3 

Prec ipita- 
tion 

E. H. Berry 

C. L. Black 

L. D. Elliott 

E. R. Lyman 

i 

i 

i 

6.0 
l 6.0 
f 7.5 
[7.6 

f 5.2 
[4.4 

6.0 

[6.0 

7 4 
[6.6 

8.4 

[8.8 

5.2 

5.6 

.5.6 


5.6 

5.6 
6.2 
6.3 

[6.0 

6.6 
5.2 
6.0 

6.0 

6.0 

7.8 

7.8 
5.6 

5.8 
5.4 
8.0 

7.0 
f 3.4 

3.0 

4.1 
[ 4.6 

8.2 

7.8 

2.8 
3.8 
4.0 
4.2 

1.8 

2.0 

2.6 

2.8 

2.6 

2.6 

1.9 

1.6 

2.0 

1.6 

1.6 

3.4 

3.4 

1.8 

1.8 

2.2 

1.8 

2.0 

2.4 

2.2 

2.1 

2.8 

2.6 

2.2 

1.6 

1.4 

1.4 

1.4 

l 

1 

. 

2.0 

2.0 

2.0 

2.7 

1.0 

0.8 

. 

T. F. Pappe 

H. Runkel 


H 

mi 

IU 



[0.9 

11. 

0.9 

Id 

E. L. P. Treuthardt 


^ 2.4 

1.8 

1.8 

1.6 


1.8 

2.2 

2.6 

1.8 

Maximum 


8.8 


8.0 

8.2 

3.4 

2.8 


2.7 

Minimum 


4.4 


3.8 

2.8 

1.6 

1.4 


0.8 

Average 


6.4 


6.3 

5.5 

2.2 

1.9 


1.7 


OTHER MODIFICATIONS TRIED BY COLLABORATORS. 

L. D. Elliott: On Sample 1. (a) Followed Method 3, but dissolved the magnesium 
phosphate precipitate in 1 to 3 hydrochloric acid, and added 1 to 3 hydrochloric 
acid to the generator bottle. Obtained 6.4 and 6.0 mg. of arsenic trioxid per kilo. 

(6) Repeated (a) but used 1 to 6 hydrochloric acid. Obtained 6.0 mg. of arsenic 
trioxid per kilo. 

On Sample 2. (c) Followed Method 3 but used 1 to 3 hydrochloric acid as on 
Sample 1 (a). Results obtained with and without using potassium iodid were 0.8 
and 0.6 mg. of arsenic trioxid per kilo respectively. 
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(< d ) Boiled the sample 1 hour with concentrated nitric acid, adding more acid as 
volume diminished, until solution was complete except for fat. Precipitated with 
magnesium phosphate and proceeded as in Method 3. Obtained 3.2 mg. of arsenic 
trioxid per kilo. 

(e) Digested as in Method 1 but made up to 100 cc. with 1 to 3 hydrochloric acid 
and added 1 to 3 hydrochloric acid to the generator bottle. Obtained 3.0 mg. of 
arsenic trioxid per kilo. 

H. Rurikel : On Sample 1. Followed Method 1 but took an aliquot portion of 5 cc. 
and used a Btrip of mercuric chlorid paper 1 mm. in width. Obtained 7.2 and 8.0 
mg. of arsenic trioxid per kilo. 

E. L. P . Treuthardt: Followed all three methods using 1 to 4 sulphuric acid for 
making the solutions up to 100 cc. and adding to the generator bottles. Results 
in mg. of arsenic trioxid per kilo. 


SAMPLE 1 

SAMPLE 2 

1 

2 

3 

1 

2 

3 

6.0 

6.0 

5.0 

2.4 

2.4 

2.4 

7.0 

7.4 

6.0 

2.6 

2.6 

2.0 


COMMENTS BY COLLABORATORS. 

E. H. Berry: There seems to be little choice between the methods. Method 3 
has the advantage of eliminating digestion with nitric acid. The use of potassium 
iodid as a reducing agent in the generator bottle is advantageous in that it makes 
it easier to obtain uniform stains on the mercuric bromid paper. 

C. L. Black: In Method 2 the failure to use potassium iodid appears to decrease 
the amount of arsin evolved, and ttye excessive amount of stannous chlorid causes 
such rapid action even with the generator cooled to 6°C. at the start that the color 
strip produced is too long and light colored for accurate reading. In Method 3 it 
was impossible to get off ail the arsenic with the strength of acid recommended — 
the retentive effect of the large amount of salts present necessitates considerably 
stronger acid. 

L. D. Elliott: With the sirup, Method 1 gave consistently low results. Arsin was 
liberated faster with Method 2 than with Methods 1 or 3. With the condensed milk 
there was a greater divergence of results obtained by different methods. In this 
sample the evolution of arsin with Methods 1 and 2 was too slow, and Method 2 
does not cause so much difference in speed of evolution or in results as in the sirup. 
In Method 3 the treatment of condensed milk with dilute nitric acid is inadequate. 
The fatty residue clogged the filter, rendering filtration slow and tedious and the 
results were far too low. With the modified method, as given, filtration was more 
rapid and the results were better. 

E . R, Lyman: Prefer the complete oxidation of organic matter. No satisfactory 
determination was secured on Sample 2 by Method 3. When diluted to 1 to 8 acid 
strength, there was almost no action on the zinc, while with 1 to 4 acid frothing 
spoiled the determination. 

H . Runkel: All results obtained by Method 2 were low. In one determination 
by Method 3, which gave a very low result, the magnesium phosphate precipitate 
had been washed a great deal with 2 per cent ammonia, and the low result was at- 
tributed to this cause. 
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T. F. Pappe: Determinations made on sugar solutions containing known amounts 
of arsenic showed loss by Method 3. Arsenic trioxid (AsjO*) was recovered from a 
sugar solution containing 6 mg. per kilo as follows : 

Precipitate 2.8 (Method 3) 

Filtrate 2.1 (Method 1) 

Washings 04 (Method 1) 

Total 5.3 

The use of weaker acid and the cooling of the generators cause the stains to be more 
uniform. The mercuric bromid paper should be marked so that comparison of 
stains may be made on the same side of the paper. There is a difference in absorbing 
power of the two surfaces, especially with heavy papers. 

E. L. P . Treuthardt: Blank determinations run by Method 1 on 25 gram portions 
of Sample 2 without any added arsenic gave 0.000 and 0.002 mg. of arsenic trioxid 
(As*Oi). This corresponds to an average content of 0.04 mg. of arsenic trioxid 
(AsjOi) per kilo. The 1 to 8 acid strength seems to be too dilute and much better 
results were obtained using 1 to 4 acid. Method 3 recovered less arsenic than Methods 

1 and 2. 

DISCUSSION. 

Comparing the tabulated averages with the actual amounts of arsenic 
present shows them all to be low. Those for Method 1 are highest and 
those for Method 3 lowest. The individual results show that most of the 
individual determinations are low. For Method 1, four results on Sam- 
ple 1 and two results on Sample 2 which are above the correct value, and 
on Method 3, five results on Sample 1 which are above the correct value 
were all obtained from the reports of two of the analysts. Three other 
results (on Sample 1 by Method 2) are high and two results are correct. 
With these exceptions, there was always a loss of arsenic, which was pro- 
portionally greater on Sample 2. In studying the variations of the indi- 
vidual determinations, the methods show up in the same order as with 
the averages. The results having a variation of =*=1.4 mg. per kilo (20 
per cent) in Sample 1 are: 

Method 1, 10 out of 15, or 67 per cent 
Method 2, 10 out of 16, or 63 per cent 
Method 3, 8 out of 19, or 42 per cent 

Those having a variation of =*=0.6 mg. per kilo (20 per cent) in Sample 

2 are: 

Method 1, 6 out of 17, or 35 per cent 
Method 2, 4 out of 15, or 27 per cent 
Method 3, 3 out of 14, or 21 per cent 

Allowing a greater variation of *fcl.O mg. per kilo on this sample gives: 

Method 1, 9 out of 17, or 53 per cent 
Method 2, 8 out of 15, or 53 per cent 
Method 3, 4 out of 14, or 29 per cent 

Method 1 gives the best results and is considered the most satisfactory. 
The results are mostly low. This is probably due to the weak strength 
of acid used. It will be noted from the above work that where the pro- 
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cedure was modified and a stronger sulphuric or hydrochloric acid was used, 
higher results were obtained, which came very close to the actual amounts 
of arsenic in the sample. In future work on the Gutzeit test, it is believed 
that the general procedure of Method 1 should be followed, that a stronger 
acid should be used and the relative merits of sulphuric and hydrochloric 
acids be studied. In this connection, it is well to keep in mind the possi- 
bility of the introduction of arsenic through reagents and to the fact that 
this danger is much greater when hydrochloric acid is used. The use of 
potassium iodid for reduction seems essential and it is probably advisable 
to also add it to the standards. 

Method 2 was not satisfactory. The low results would probably 
not be remedied by change of acid strength, as it has been the experience 
of some of the analysts that not only all of the arsenic is not reduced when 
stannous chlorid is used alone, but that under the conditions the arsin 
comes off too rapidly to give satisfactory and consistent stains. 

The average results by Method 3 were lower than those obtained by 
Method 2, but it should be noted that by proper changes in the details 
of this procedure it is quite probable that it could be made satisfactory. 
The phosphate precipitation method, as given in Bureau of Chemistry 
Circular 102, has been developed for comparatively few products and 
each substance requires a particular procedure. The modification re- 
ported by Mr. Elliott seems to be much more satisfactory than the pro- 
cedure as sent out. While this procedure cannot be of general applica- 
tion, further study of it in connection with specific substances, such as 
gelatin, sirups, etc., is recommended. 

TIN. 

SAMPLES. 

Two samples were sent to the collaborators. The first consisted of 
dried meat. To obviate any sampling error, this sample was sent in test 
tubes, each tube containing the equivalent of about 100 grams of fresh 
meat, 2 grams of salt and 10 mg. of tin in hydrochloric acid solution. Each 
portion contained considerable fat. The second sample was an 18 per 
cent sugar sirup of which 100 gram samples, each containing 30.54 mg. 
of tin and 40 mg. of ferrous sulphate, were to be taken for analysis. 

METHODS. 

All samples were first subjected to the following procedure: 

DIGESTION OF SAMPLE. 

Weigh 100 grams of the finely-ground sample (in Sample 1 take contents of one 
tube) into an 800 cc. Kjeldahl flask and add 100 to 150 cc. of concentrated nitric acid. 
Allow to stand overnight or else place the flask on a wire gauze over a free flame and 
heat until it boils quietly. Add 50 cc. of concentrated sulphuric acid and heat until 
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white fumes are generated, then add 10 co. of nitric acid and oontinue heating as 
before. Repeat the addition of nitric acid until the solution remains clear after 
boiling off the nitric acid fumes. The rapidity of digestion depends upon the tem- 
perature maintained — the higher the temperature the faster the material is oxidised. 

The following methods tried last year were followed this year: 1. Gravi- 
f metric method (This Journal, 1915, 1: 257 (1) ); 2. Volumetric method 
(Baker) (This Journal, 1915, 1: 258 (S ) ); and 3. Volumetric method 
(Alexander, Bloomberg, and Lourie) (This Journal, 1915, 1: 259 (5 ) ). 
In the last method after adding the glass beads the procedure may be 
the same as from that point in the volumetric method (Baker). 

RESULTS* 

The results obtained from eight collaborators are tabulated. In 
Method 3, L. D. Elliott used antimony for reduction and the bent tube 
and bicarbonate solution for cooling. The results are expressed in mg. 
of tin in the sample taken for analysis (contents of tube in Sample 1 and 
100 grams in Sample 2). 

Co&perative results on tin in foods. 
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Portions of the dried meat used for making Sample 1 of the same’ 
size as the samples sent out, but without having tin added, were run as 
blank tests by two analysts. H. R. Smith found 0.8 mg. of tin using 
Method 1, and E. L. P. Treuthardt found 0.6, 0.4 and 0.3 mg. of tin using 
Method 2. 


COMMENTS BY COLLABORATORS. 

E» H, Berry : Methods 1 and 2 are reasonably accurate, especially after one has 
used them long enough to learn what the difficulties are. Some erratic results were 
obtained by the gravimetric method, which were discarded. Those obtained by 
the volumetric method were all fairly concordant. The latter method is more rapid 
for a large number of determinations. 

L. D. Elliott: Better results were obtained with meat than with sirup with Method 
3. A smaller sample of sirup might have been better as the large amount of tin 
present caused trouble in dissolving the stannic acid precipitate through the filter. 
In one instance, after titration the filter paper was placed in hydrochloric acid, 
reduced with antimony and titrated with a result of a 9 cc. of a hundredth-normal 
iodin increase, a blank on a clean filter paper giving 0.8 cc. of a hundredth-normal 
iodin. 

E. R . Lyman: The chief difficulty seems to be incomplete precipitation with hydro- 
gen sulphid. Out of eleven precipitations, three were incomplete, one of which was 
completed by a second precipitation. The manner of neutralizing and adjusting 
the acidity before precipitation should be specified more exactly. The volumetric 
method is more expeditious and satisfactory when the details are familiar. Method 
3 seems preferable from present experience. 

H . M. Miller: Sample 1 was unusually difficult to digest. Method 2 is far supe- 
rior to Method 3. The latter is a modification of Lowenthal’s method which specifies 
“for chloride or bromide solutions of tin.” With such solutions excellent results 
were obtained, but with sulphuric acid solutions the results are uniformly low and 
the filtrates show the presence of tin when tested with hydrogen sulphid. 

H. Runkel: In three determinations by Method 1 the filtrate from the sulphid 
precipitate was neutralized and made about 2 per cent acid with sulphuric acid. 
More tin was precipitated in each case. In Method 1 the statement “add 100 cc. 
of concentrated ammonia” should be changed to “make neutral to litmus with 
ammonia and add enough acid to make solution 2 per cent sulphuric acid.” In 
Method 2 the statement “enough water is added to the flask to dilute the hydro- 
chloric acid to about 30 to 40 per cent” should be changed for a statement of the 
total volume to which the solution is to be made. 

W. W. Karnan: In Method 1 it is better if the sulphid precipitate stands over- 
night before filtering. The final precipitate sometimes passes through the filter 
with finely-divided sulphur and a second filtration is necessary. 

H . R. Smith: Method 2 is easily feasible under ordinary laboratory conditions 
even with less than ten determinations to be made. Special attention should be 
paid to the starch indicator. If duplicate determinations do not agree it would 
seem that the higher result is more nearly the correct one. 

E. L . P. Treuthardt: The results obtained on Sample 2 were not satisfactory 
but owing to lack of time the work was not repeated. In Method 3 large amounts 
of sodium sulphate precipitated in the neutral solution made the filtration, washing 
and dissolving of the precipitate difficult. The value of the iodin solution, when 
standardized for Method 3 against a hydrochloric acid solution of tin without as- 
bestos, was practically the same as when standardized for Method 2 against a similar 
solution containing asbestos. 
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DISCUSSION BT THE REFEREE. 

Method 1 at times gives unaccountably erratic results. In view of 
the fact that the four results marked" 1 ” are so very low as compared with 
the rest, it is believed justifiable to exclude them from the averages used 
for comparing the accuracy of the methods. From a comparison of the 
averages, it is seen that Methods 1 and 2 give better results than Method 
3. The table shows that the results obtained on Sample 1 are much more 
accurate than those obtained on Sample 2. This may be due to the elimi- 
nation of sampling error in Sample 1, to the lower tin content of the same, 
or to the difference in chemical action of meat and sugar compounds dur- 
ing the process of analysis. The tin content of Sample 2 is three times 
that of Sample 1, but the average of the actual and percentage errors of 
determinations on the former axe much more than three times those ob- 
tained on the latter. On Sample 1 the individual results show a varia- 
tion both above and below the true value; by Method 1, eight results are 
above and seven below; by Method 2, seven results are above and four 
below; and by Method 3, two results are above and five below. On 
Sample 2 all results are lower than the true value. The number of 
results having a variation of ± 1.0 mg. (10 per cent) in Sample 1 is: 

Method 1, 12 out of 15, or 80 per cent 
Method 2, 9 out of 11, or 82 per cent 
Method 3, 5 out of 7, or 71 per cent 

Omitting the two low results in Method 1 gives 12 out of 13 or 92 per cent. 
Those having a variation of ±3.0 mg. per kilo (10 per cent) in Sample 
2 are: 

Method 1, 10 out of 16, or 63 per cent 
Method 2, 9 out of 13, or 69 per cent 
Method 3, 4 out of 13, or 31 per cent 

Omitting the two low results in Method 1 gives 10 out of 14 or 71 per cent. 

With the exception of the occasional low results noted, the gravimetric 
method gives good results. It would seem in some cases that the proper 
conditions have not been observed. The chief trouble seems incomplete 
precipitation of tin as sulphid, due to too great acidity of the solution. 
It is not advisable to recommend the adoption of this method as provisional 
at present, but further work should be done with it with that end in view. 
The directions should be amended so as to make the condition of precipi- 
tation by hydrogen sulphid more definite. Another source of error is in 
the ignition of the precipitate. The stannic sulphid should be dry and 
should be very gently ignited at the start with a good oxidizing flame. 

Baker’s volumetric method gives results which are good after its de- 
tails have been mastered, and is considered by most of the collaborators 
as better than the gravimetric method. It is not only advantageous as 



1916 ] 


treuthardt: heavy metals in foods 


589 


a routine method, but is preferred by some even when small numbers of 
determinations are to be made. After the conditions for precipitation 
of stannic sulphid have been studied, it is believed that better results will 
be obtained by this method. As suggested by Mr. Runkel, the statement 
of dilution to the proper acid strength for reduction of tin in the flasks 
should be made more definite. With further work on the method as 
amended, it is hoped that results will be obtained which will allow of the 
recommendation of this method for adoption as provisional. 

Method 3 is not yet in such form as to give good results. Under the 
conditions given, the tin is not all precipitated, the precipitate is not en- 
tirely dissolved in the flask, and the large amount of salts formed inter- 
fere with the operation. Further work with this method is recommended, 
however — the method seems promising but the details have not been 
worked out. H. M. Miller has recently done some work in this line and 
his comments should be noted. 

RECOMMENDATIONS. 

It is recommended — 

(1) That the methods for the determination of lead in baking powder 
and baking powder materials be made the subject of further study, with 
the cooperation, if possible, of the associate referee on baking powder. 

(2) That further study be made on the Gutzeit determination for 
arsenic, as carried on this year, especially as to the proper strength of 
acid to be used. 

(3) That a study of some modification of the Marsh method for deter- 
mination of arsenic be made. 

(4) That the gravimetric tin method and Baker’s volumetric tin method 
be studied further with a view to their adoption as provisional. Especial 
attention in this connection should be given to the proper conditions of 
precipitating tin by hydrogen sulphid. 

(5) That the volumetric tin method of Alexander, Bloomberg and 
Lourh be studied further. 

(6) That the methods for the determination of copper, zinc, nickel, 
and aluminum in food products be made the subject of study by this 
association as soon as possible. 


Adjourned at 5.30 p.m. for the day. 
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VL LEATHERS.— TENTATIVE. 

VEGETABLE TANNED LEATHER. 


1 PREPARATION OF SAMPLE. 

Grind the sample, without undue heating, and pass through a 10 mesh sieve. The 
ground sample must not contain hard lumps. Plane heavily greased leathers (con- 
taining more than 20 % fat) into very thin shavings. Spread out the prepared sample 
and allow it to return to atmospheric moisture condition; mix thoroughly, and 
place in tightly covered containers. 

2 MOISTURE. 

Place 10 grams of the sample, as prepared under 1 , in a tared, wide, shallow, weigh- 
ing bottle (or a similar dish which can be covered tightly), and dry in a water oven 
for 15 hours at 98°~100°C. Cover the weighing bottle, cool in a desiccator containing 
sulphuric acid, and weigh. The moisture present in the leather as received may be 
determined by cutting it quickly into small pieces and drying without grinding as 
directed above. 

3 TOTAL ASH. 

Incinerate slowly 5 grams of the sample, as prepared under 1 , at a dull red heat. 
If difficulty is experienced in burning off the carbon, leach the residue with hot 
water, filter on an ashless filter, dry and ignite the filter and residue, add the filtrate, 
evaporate to dryness and ignite. Cool in a desiccator containing sulphuric acid and 
weigh. 

The ash may be examined for acids and bases by any suitable method. Alumin- 
ium, magnesium, sodium, barium, calcium and lead are the bases, and hydrochloric 
and sulphuric acids are the acids which it may be necessary to determine. 

4 INSOLUBLE ASH. 

Incinerate slowly the residue from the extraction of water-soluble material, ob- 
tained in 6 or 7, until all the carbon is burned off, cool in a desiccator containing 
sulphuric acid and weigh. 

5 FATS. 

Place, without packing, 15 grams of the leather, as prepared under 1 , in a Soxhlet 
or Johnson extractor with a layer of fat-free cotton above and below the sample. 
Extract 8-10 hours with petroleum ether distilling between 50° and 80°C. Heavily 
greased leathers (containing 15% or more fat) will require the maximum time. Re- 
move the receiving flask, evaporate the petroleum ether on the steam bath and dry 
the fat residue for 3 hours in a water oven at 98°-100°C., cool in a desiccator and 
weigh. Repeat the drying in the water oven for periods of 1-1 J hours, cooling and 
weighing as before, until no further loss in weight occurs. Retain the leather 
residue from the fat extraction for the extraction of water-soluble material in 6 or 7. 

EXTRACTION OF WATER-SOLUBLE MATERIAL. 

6 Method I. 

Evaporate the petroleum ether from the fat-free leather, obtained under 5, and 
moisten thoroughly with from 100-150 cc. of water. Place a layer of cotton in the 

1 
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bottom of a Soxhlet extractor designed for making extractions at temperatures be- 
low 100°CX 

An extractor of this kind is furnished with a water jacket surrounding that por- 
tion of the apparatus containing the sample but does not enolose the side tube wnich 
carries the hot vapors to the condenser. 

Transfer the moistened fat-free leather to the extractor, and cover this with 
another layer of cotton to avoid siphoning off solid particles. Maintain the tempera- 
ture of the jacket surrounding the Soxhlet at 50°C. (1) Pour 200 cc. of water (in- 
cluding that used in moistening the leather) into the Soxhlet and allow it to siphon 
into the flask below, then heat and extract for an hour. Remove the flame and trans- 
fer the extract to a liter graduated flask. Then add water and continue the ex- 
traction as directed below, removing and transferring the extract to the liter 
flask before each fresh addition of water. 

(2) Add 175 cc. of water and extract for 2 hours. 

(3) Add 175 cc. of water and extract for 3 hours. 

(4) Add 175 cc. of water and extract for 4 hours. 

(5) Add 175 cc. of water and extract for 4 hours. 

Transfer the last portion of the extract to the graduated flask. This gives 14 
hours’ extraction and an extract which does not exceed 1 liter in volume. Dilute to 1 
liter at room temperature and mix thoroughly. 

7 Method II. 

(This method is the same in principle as the official method of the American Leather 

Chemists Association. 1 ) 

Digest overnight 30 grams of the fat-free leather, obtained under 5 , in approxi- 
mately 200 cc. of water. Transfer the leather and extract to a percolator. Continue 
the extraction by percolating with water at 50°C. Collect 2 liters of percolate, 
regulating the flow of water at such a rate that 2 liters will be collected in 3 hours. 
Dilute to volume at room temperature and mix thoroughly. 

To the extract, prepared according to 6 or 7 , add a few drops of toluol to prevent 
fermentation of sugars, and reserve for the determination of glucose, total solids, 
soluble solids, and nontannins. 

GLUCOSE. 

8 PREPARATION OP SOLUTION. 

To 200 cc. of the leather extract, as prepared under 6 or 7 , add 25 cc. of a saturated 
solution of normal lead acetate, mix thoroughly, and Alter at once through a dry, 
plaited paper, returning the flrst portions of the Altrate to the Alter until the fll- 
trate becomes clear. Keep the containers and the funnel covered during these opera- 
tions. Without waiting for the entire Altrate to run through add 10-12 grams 
of solid potassium oxalate, shake frequently during 15-20 minutes and Alter through 
a dry, plaited paper returning the Arst runnings to the Alter until the Altrate runs 
clear. Pipette 150 cc. of the last Altrate into a 600 cc. Erlenmeyer flask, add 5 cc. of 
concentrated hydrochloric acid and boil under a reflux condenser for 2 hours. Cool, 
neutralise with solid sodium carbonate, using a little phenolphthalein as indicator, 
transfer to a 200 oc. volumetric flask and complete to volume with water. Filter 
through a double Alter, and return the Arst runnings until the Altrate becomes 
perfectly clear. Determine the dextrose in the Altrate immediately. 
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9 DETERMINATION. 

Determine dextrose in 50 ce. of the solution, as prepared under 8, equivalent to 
0.5 gram of leather, according to VIII, 25 and express the result as glucose. 

10 TOTAL SOLIDS. 

Determine as directed under V, 2. 

11 SOLUBLE SOLIDS. 

Determine as directed under V, 4. 

12 NONTANNINS. 

Determine as directed under V, 7. 

13 SOLUBLE TANNIN. 

The difference between the percentage of the soluble solids and the corrected 
nontannins is the percentage of tannin. 

14 NITROGEN. 

Determine as directed under I, 21 . 

15 HIDE SUBSTANCE. 

Multiply the percentage of nitrogen by 5.62. The result will be the percentage 
of hide substance present. 

16 COMBINED TANNIN. 

Deduct the sum of the percentages of moisture, under 2, insoluble ash, under 4, 
soluble solids, under 11, and hide substance, under 15, from 100. The result will 
be the percentage of combined tannin. 


BIBLIOGRAPHY. 


1 J. Am. Leather Chem. Abbu., 1915, 10: 122. 




VII. INSECTICIDES AND FUNGICIDES. 

GENERAL METHOD. 

1 PREPARATION OF SAMPLE.— TENTATIVE. 

Mix thoroughly all samples before analysis. Make water-soluble arsenic deter- 
minations on samples as received without further pulverization or drying. In 
the case of lye, sodium cyanid or potassium cyanid, weigh large quantities in weigh- 
ing bottles and analyze aliquots of the aqueous solutions. 

PARIS GREEN. 

2 MOISTURE.— TENTATIVE. 

Dry 2 grams at 105°-110°C. for 5 hours and express the loss in weight as moisture. 

TOTAL ARSENIC . l — OFFICIAL. 

(Arsenic, present as arsenate, is titrated as arsenious oxid.) 

3 REAGENTS. 

(a) Starch indicator. — Mix about 0.5 gram of finely powdered potato starch with 
cold water to a thin paste; pour into about 100 cc. of boiling water. 

(b) Standard arsenious oxid solution. — Dissolve 2 grams of pure arsenious oxid 
in a beaker by boiling with about 150-200 cc. of water containing 10 cc. of concen- 
trated sulphuric acid, cool, transfer to a 500 cc. graduated flask and dilute to the 
mark. 

(C) Standard iodin solution. — Prepare an approximately N/20 solution as fol- 
lows: Mix intimately 6.35 grams of pure iodin with twice its weight of pure potas- 
sium iodid. Dissolve in a small amount of water, filter and dilute the filtrate to 

1 liter in a liter graduated flask. Standardize against (b) as follows: Pipette 50 
cc. of the arsenious oxid into an Erlenmeyer flask, dilute to about 400 cc., neutralize 
with sodium bicarbonate, add 4-5 grams in excess, and add the standard iodin solu- 
tion from a burette, shaking the flask continuously, until the yellow color disap- 
pears slowly from the solution, then add 5 cc. of the starch indicator and continue 
adding the iodin solution, drop by drop, until a permanent blue color is obtained 
Calculate the value of the standard iodin solution in terms of arsenious oxid (AS2O3) 
and arsenic oxid (As20 6 ). Occasionally restandardize the iodin against freshly 
prepared arsenious oxid solution. 

4 APPARATUS. 

The apparatus used is shown in Fig. 5. The distillation flask rests on a metal 
gauze which fits over a circular hole in a heavy sheet of asbestos board. The first 

2 Erlenmeyer flasks are of 500 and 1000 cc. capacity and contain about 40 and 100 
cc. of water, respectively. Both of these flasks should be placed in a pan and kept 
surrounded with cracked ice and water. The third flask, containing a small amount 
of water, is used as a trap. 
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8 DETERMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 250 
ec. of the standard iodin solution, and wash into the distillation flask by means of 
100 ec* of concentrated hydrochloric acid (sp. gr. 1.19). Add 5 grams of cuprous 
chlorid (CuaClt) and distil. 

When the volume in the distillation flask is reduced to about 40 oc., add 50 cc. 
of concentrated hydrochloric acid by means of the dropping funnel and continue 
the distillation until 200 cc. of the acid distillate have passed over. Then wash 
down the condenser and all the connecting tubes carefully, transfer these washings 
and the oontents of the 3 Erlenmeyer flasks to a liter graduated flask and dilute 
to the mark. Mix thoroughly, pipette 400 cc. into an Erlenmeyer flask and nearly 
neutralise with a saturated solution of sodium or potassium hydroxid, using a few 
drops of phenolphthalein as an indicator, keeping the solution well cooled. 

Continue as directed under 3 (C) beginning with * ‘neutralise with sodium bicar- 
bonate. 11 The number of cc. of iodin used in this titration represents directly 
the total per cent of arsenic in the sample expressed as arsenious oxid (As 2 0*) . 



TOTAL ARSENIOUS OXID. 

(The following methods determine arsenic, and antimony if present, as the -ous 
oxids, AstOi and SbiOt, respectively. Ferrous and cuprous salts vitiate the results.) 

Method 7. 

C. C. Hedges Method ,* Modified, 1 — Tentative. 

6 REAGENTS. 

The reagents and solutions used are described under 3. 

7 DETERMINATION. 

Weigh an amount of the sample equal to the arsenious oxid equivalent of 100 cc. 
of the standard iodin solution, wash into an Erlenmeyer flask with 10-15 oc. of dilute 
hydrochloric acid (1 to 1), followed by about 100 cc. of water, and heat on the steam- 
bath to complete solution, at a temperature not exceeding 60°C. Cool, neutralise 
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with sodium bicarbonate, add 4-5 grams in excess, and then sufficient 25% ammonium 
chlorid solution to dissolve the precipitated copper. Dilute somewhat and titrate 
as directed under 3 (C). A correction must be applied for the amount of iodin solu- 
tion necessary to produce a blue color with starch in the presence of copper (using 
an equivalent weight of copper sulphate) , The corrected number of cc. of the stand- 
ard iodin solution used represents directly the per cent of arsenious oxid (AssOt) 
in the sample. 


Method II. 

8 C. M . Smith Method , 8 Modified. — Tentative. 

Proceed as directed in 7, using dilute sulphuric acid (1 to 4) instead of dilute 
hydrochloric. The solution in this case may be heated to boiling. 

SODIUM ACETATE-SOLUBLE ARSENIOUS OXID. ‘-TENTATIVE. 

9 REAGENTS. 

(a) Sodium acetate solution. — Prepare a solution containing 12.5 grams of the 
crystallized salt (CHjC00Na3H 2 0) in each 25 cc. 

The other reagents are described under 3. 

10 DETERMINATION. 

Place 1 gram of the sample in a 100 cc. flask and boil for 5 minutes with 25 cc. of 
the sodium acetate. Dilute to the mark, shake, and pass through a dry filter 
paper. Titrate an aliquot of this filtrate as directed under 3 (C). Calculate the 
amount of arsenious oxid (A82O3) present and express the result as per cent of 
sodium acetate-soluble arsenious oxid. 

WATER-SOLUBLE ARSENIOUS OXID.— TENTATIVE. 

11 REAGENTS. 

Described under 3. 

12 DETERMINATION. 

To 1 gram of the sample in a liter Florence flask add I liter of recently boiled water 
which has been cooled to exactly 32°C. Stopper the flask and place in a water 
bath kept at 32°C. by means of a thermostat. Digest for 24 hours, shaking hourly 
for 8 hours during this period. Filter through a dry filter and titrate 250 cc. of the 
filtrate as directed under 3 (C) . Correct for the amount of the standard iodin neces- 
sary to produce the same color, using the same reagents and volume. Calculate 
the amount of arsenious oxid (A82O3) present and express the result as per cent of 
water-soluble arsenious oxid. 


TOTAL COPPER OXID. 

1 3 Electrolytic Method Official . 

Treat 2 grams of the sample in a beaker with 100 cc. of water and about 2 grams 
of sodium hydroxid and boil thoroughly until all the copper is precipitated as cu- 
prous oxid. Filter, wash well with hot water, dissolve the precipitate in hot dilute 
nitric acid, cool, transfer to a 250 cc. graduated flask and dilute to the mark. (I) 
Use 50-100 cc. of this solution for the electrolytic determination of copper as directed 
under VIII, 33 and calculate to per cent cupric oxid; or, (2) Electrolyze the aliquot in 
a weighed 150 cc. platinum dish, using a rotating spiral anode and a current of about 
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3 amperes. After all the copper is deposited (requiring about 30 minutes) , wash 
the deposit with water by siphoning, then rinse with alcohol, dry for a few min- 
utes in an oven, weigh and calculate to per cent cupric oxid. 

14 Thiosulphate Method}— Official. 

Determine copper in another aliquot of the nitric acid solution of copper oxid, 
under 13, by titrating with N/20 thiosulphate solution, as directed under VIH, 29, 
and calculate to per cent cupric oxid. 

LONDON PURPLE. 

15 MOISTURB.-TENTATIVB. 

Determined as directed under 2. 

TOTAL ARSENIOUS OXID.*-OFFICIAL. 

16 REAGENTS. 

Described under 3. 

17 DETERMINATION. 

Dissolve 2 grams of the sample in a mixture of about 80 cc. of water and 20 cc. 
of concentrated hydrochloric acid at a temperature of 60°-70°C.; filter and wash 
until the combined filtrate and washings measure 250 cc. Treat 100 cc. of this solu- 
tion with sodium bicarbonate in excess, transfer to a 500 cc. volumetric flask and 
make up to the mark, adding a few drops of ether to destroy the bubbles. Mix 
thoroughly and pass through a dry filter. Titrate 250 cc. of the filtrate as directed 
under 3 (C) and calculate the per cent of arsenious oxid. 

TOTAL ARSENIC OXID. 7 — OFFICIAL. 

18 REAGENTS. 

The reagents and solutions used are described under 3. 

1 9 DETERMINATION . 

Boil, on a hot plate or over a low flame, 2 grams of the sample with 5 cc. of con- 
centrated nitric acid and 20 cc. of concentrated sulphuric acid in a Kjeldahl diges- 
tion flask or a covered casserole. After 10-15 minutes add fuming nitric acid or 
powdered sodium nitrate, in small quantities at a time, until all organic matter 
is destroyed and the solution is practically colorless. Cool, add about 50 cc. of 
water (to decompose any nitro-sulphuric acid formed) and heat again until all 
nitric acid fumes are expelled. Cool, transfer to a 250 cc. volumetric flask, make 
up to the mark with water, mix thoroughly, and filter through a dry filter. 

Transfer 50 cc. of this filtrate to a 400 cc. Erlenmeyer flask, dilute with water 
to 100 cc., add 1 gram of potassium iodid, 8 heat to boiling and evaporate to about 
40 cc. (not less). Cool, dilute to 150-200 cc., and remove the excess of iodin with 
N/20 sodium thiosulphate. In case*the solution is slightly colored from organic 
matter or from any cause other than free iodin, add the thiosulphate until it is nearly 
colorless, then a few drops of the starch indicator, and continue adding the thio- 
sulphate slowly until the blue color just disappears. Continue at once as directed 
under 3 (C) beginning with “neutralize with sodium bicarbonate/' Subtract from 
this reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid obtained in 1 7. Calculate the per cent of arsenic oxid in the sample. 
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20 WATER-SOLUBLE ARSENIOUS OXID.— TENTATIVE. 

Proceed as directed under 12, slightly acidifying the aliquot employed with 
hydrochloric acid before adding the excess of sodium bicarbonate. 

WATER-SOLUBLE ARSENIC OXID.— TENTATIVE. 

21 REAGENTS. 

The solutions and reagents used are described under 3. 

22 DETERMINATION. 

Transfer an aliquot, 250 cc., of the water extract, from 20, to a casserole, add 5 
cc. of concentrated sulphuric acid, evaporate to a small volume and heat on a hot 
plate till white fumes of sulphuric acid appear. Cover the casserole and add 1-2 
cc. of fuming nitric acid and again heat till the appearance of white fumes. Cool, 
add a little water and, in order to expel the last traces of nitric acid, once more 
evaporate till white fumes appear. Cool, dilute to about 100 cc. with water, add 
1 gram of potassium iodid 8 and sufficient sulphuric acid to make the total amount 
present about 5 cc. Boil until the volume is reduced to about 40 cc. Cool, dilute 
to about 200 cc., remove the excess iodin with N/20 sodium thiosulphate and pro- 
ceed as directed under 3 (C) beginning with “neutralize with sodium bicarbonate/ * 
Correct for the amount of the standard iodin solution necessary to produce the 
same color, using the same reagents and volume. Subtract from the corrected titra- 
tion reading the number of cc. of the standard iodin solution corresponding to the 
arsenious oxid, obtained in 20. Calculate the per cent of arsenic oxid present. 

LEAD ARSENATE. 

23 MOISTURE.— TENTATIVE. 

(a) Powder. — Dry 2 grams to constant weight at 105°-110° C. and report the 
loss in weight as moisture. 

(b) Paste. — Proceed as under (a), using 50 grams. 

Grind the dry sample to a fine powder, mix well, transfer a small portion to a 
sample bottle and again dry for 1-2 hours at 105°-110°C., and use this anhydrous 
material for the determination of total lead oxid and total arsenic. 

TOTAL LEAD OXID. 

24 Method I. 9 — Official. 

Heat, on a hot plate, 0.6906 gram of the dry powdered sample with about 25 cc. 
of dilute nitric acid (1 to 4) in a 600 cc. beaker. If necessary, remove any insoluble 
residue by filtration. Dilute to at least 400 cc., heat nearly to boiling, add am- 
monium hydroxid to incipient precipitation, then dilute nitric acid [1 to 10) to re- 
dissolve the precipitate, adding 1-2 cc. in excess. Pipette into this solution, kept 
almost boiling, 50 cc. of a hot 10% potassium chromate solution, stirring constantly. 
Decant while hot through a weighed Gooch, previously heated at 140°-150°C., wash 
several times by decantation and then on the* filter with boiling water until the 
washings are colorless. Dry the lead chromate at 140°-150°C. to constant weight. 
The weight of lead chromate multiplied by 100 gives the per cent of lead monoxid 
(PbO) in the dried sample. 

The lead chromate precipitate may contain a small amount of lead arsenate which 
causes slightly high results. This error rarely amounts to more than 0.1-0. 2%. 
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Method //. ,0 — Tentative. 

(Not applicable in the presence of calcium.) 

25 BE AGENT. 

Acidified alcohol.— Mix water 100 parts; 95% alcohol 200 parts; and concentrated 
sulphuno acid 3 parts by volume. 

26 DETEBMINATION. 

Heat, on a hot plate, 0.7360 gram of the dry powdered sample with about 25 cc. 
of dilute nitric acid (1 to 4) in a porcelain evaporating dish or casserole. Remove 
any insoluble residue by filtration. Add 3 cc. of concentrated sulphuric acid and 
evaporate on the hot plate to the appearance of white fumes. It is important that 
all nitric acid be expelled. Cool, add 50 cc. of water and about 100 cc. of 95% alco- 
hol, let stand several hours (preferably over-night) and filter through a weighed 
Gooch crucible, previously washed with water, the acidified alcohol and 95% alco- 
hol, and dried at 200°C. Wash the precipitate of lead sulphate in the crucible about 
10 times with the acidified alcohol and then with 95% alcohol until free from sul- 
phuric acid. Dry at 200°C. to constant weight, keeping the crucible covered to pre- 
vent loss by spattering. The weight of the lead sulphate multiplied by 100 gives 
the per cent of lead monoxid (PbO) in the dried sample. 

TOTAL ARSENIC. 

27 Method I. 1 — Official. 

Proceed as directed under 5, using an amount of the sample equal to the arsenic 
oxid equivalent of 500 cc. of the standard iodin solution and titrating a 200 cc. aliquot 
of the distillate. The number of cc. used of the standard iodin solution represents 
directly the total per cent of arsenic in the sample expressed as arsenic oxid (AsaO*) . 

Method II. "-Official. 

(Not applicable in the presence of antimony.) 

28 BEAGENTS. 

The reagents and solutions used are described under 3. 

29 DETEBMINATION. 

Dissolve an amount of the powdered sample equal to the arsenic oxid equivalent 
of 400 cc. of the standard iodin solution, in dilute nitric acid in a porcelain casserole 
or evaporating dish. Add 5 cc. of concentrated sulphuric acid and heat on the 
hot plate to copious evolution of white fumes. Wash into a 200 cc. graduated flask 
with water, cool, make up to the mark and filter through a dry filter. Transfer 
100 cc. of the filtrate to an Erlenmeyer flask and proceed as directed under 22, 
beginning with “add 1 gram of potassium iodid,” to “Subtract from the corrected 
titration reading.” The number of cc. of the standard iodin solution used, divided 
by 2, represents directly the per cent of total arsenic in the sample expressed as 
arsenic oxid (AsaOi). 

WATER-SOLUBLE ARSENIC OXID.— TENTATIVE. 

30 REAGENTS. 

The reagents and solutions used are described under 3. 
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31 DETERMINATION. 

Treat 2 grams of the original sample, if in the form of a powder, or 4 grams, if 
a paste, as directed under 12 through *' ‘Fil ter through a dry filter.” 

Place 250-500 cc. of the clear filtrate in an Erlenmeyer flask, add 3 cc. of con- 
centrated sulphuric acid and evaporate on a hot plate. When the volume is re- 
duced to about 100 cc., proceed as directed under 22 to “Subtract from the cor- 
rected titration reading.” Calculate and report as per cent of water-soluble arsenic 
oxid (AstOf). 

CALCIUM ARSENATE. 

32 TOTAL ARSENIC.' — OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal 
to the arsenic oxid equivalent of 250 cc. of the standard iodin solution. 

The number of cc. of the standard iodin solution used represents directly the 
total per cent of arsenic in the sample expressed as arsenic oxid (AssOs) . 

ZINC ARSENITE, 

33 TOTAL ARSENIC.* — OFFICIAL. 

Proceed as directed under 5, using an amount of the powdered sample equal to 
the arsenious oxid equivalent of 500 cc. of the standard iodin solution and titrating 
a 200 cc. aliquot of the distillate. The number of cc. of the standard iodin solution 
used represents directly the per cent of total arsenic in the sample expressed as ar- 
senious oxid (A8 2 0i). 

34 TOTAL ARSENIOUS OXID.— TENTATIVE. 

Proceed as directed under 7 or 8. 

COPPER CARBONATE. 

35 COPPER OXID . — OFFICIAL. 

Dissolve a weighed quantity of the substance in dilute nitric acid and deter- 
mine copper as directed under 13 or 14. 

BORDEAUX MIXTURE. 


36 MOISTURE.— OFFICIAL. 

(a) Powder .—Dry 2 grams to constant weight at 105°-110°C. and express the 
loss in weight as moisture. 

(b) Paste . — Heat about 100 grams in an oven at 90-100°C. until dry enough to 
powder readily, and note the loss in weight. Powder this partially dried sample, 
and determine the remaining moisture in 2 grams as under (a). Determine car- 
bon dioxid,. as directed under 38, both in the original paste and in this partially 
dried sample. Calculate the total moisture by the following formula: 

M « a + (100-a) (b + c) — d in which 
M — per cent total moisture in original paste; 

a « per cent loss in weight of original paste during first drying; 

b ■» per cent loss in weight of partially dried paste during second drying; 

c * per cent carbon dioxid remaining in partially dried paste after first 

drying; 

d * per cent total carbon dioxid in original paste. 
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CARBON DIOXID .1*— OFFICIAL . 

37 APPARATUS. 

This consists of a 200 cc. Erlenmeyer flask closed with a 2-holed stopper; one of 
these holes is fitted with a dropping funnel the stem of which extends almost to the 
bottom of the fiask; the outlet of a condenser, which is inclined upward at an angle 
of 30° from the horizontal, passes downward through the other hole. The upper 
end of the condenser is connected with a calcium chlorid tube which in turn is 
connected with a double U-tube filled in the middle with pumice fragments, pre- 
viously saturated with copper sulphate solution and subsequently dehydrated, 
and with calcium chlorid at either end. Then follow 2 weighed U-tubes for absorb- 
ing the carbon dioxid, the first filled with porous soda-lime, and the second, one 
third with soda-lime and two thirds with calcium chlorid, the latter reagent being 
placed at the exit end of the train. A Geissler bulb, partly filled with sulphuric 
acid, is attached to the last U-tube to show the rate of gas flow. An aspirator is 
connected with the Geissler bulb to draw air through the apparatus. An absorp- 
tion tower filled with soda-lime is connected with the mouth of the dropping funnel 
to remove carbon dioxid from the air entering the apparatus. 

38 DETERMINATION. 

Weigh 2 grams of the powder or 10 grams of the paste into the Erlenmeyer flask, 
add about 20 cc. of water, attach the flask to the apparatus omitting the 2 weighed 
U-tubes, and draw carbon dioxid-free air through the apparatus until the original 
air is displaced. Then attach the weighed U-tubes in the position as described in 37, 
close the stop-cock of the dropping funnel, fill half full with dilute hydrochloric 
acid (1 to 1), reconnect with the soda-lime tower, and allow the acid to flow into 
the Erlenmeyer flask, slowly if there is much carbon dioxid, rapidly if there is 
little. When effervescence diminishes, place a low Bunsen flame under the flask and 
start a flow of water through the condenser, a slow current of air being allowed to 
flow through the apparatus at the same time. Maintain a steady but quiet ebulli- 
tion, and a slow air current through the apparatus. Boil for a few minutes after 
the water has begun to condense in the condenser, then remove the flame and con- 
tinue the aspiration of air at the rate of about 2 bubbles per second until the 
apparatus is cool. Disconnect the tared absorption tubes, cool in the balance case 
and weigh. The increase in weight is due to carbon dioxid. 

COPPER. 

39 Electrolytic Method . — Official . 

Dissolve 2 grams of the dry powdered sample in 20 cc. of water and 5 cc. of con- 
centrated nitric acid, dilute to 100 cc., wash into a weighed 150 cc. platinum dish, 
and electrolyze, using a rotating spiral anode and a current of about 3 amperes. 
After all the copper is deposited ^requiring about 30 minutes), wash the deposit 
with water by siphoning, then rinse with alcohol, dry for a few minutes in an oven, 
and weigh. Calculate the per cent of copper in the sample. 

40 Thiosulphate Method.— Official* 

Dissolve 2 grams of the dry powdered sample in about 50 cc. of 10% nitric acid, 
add ammonium hydroxid solution in excess and heat; then, without removing the 
precipitate which is formed, boil off the excess of ammonia, add 5-10 cc. of acetic 
acid, cool, add 10 cc. of 30% potassium iodid solution, and titrate as directed under 

VIII, 29. 
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BORDEAUX MIXTURE WITH PARIS GREEN. 

41 MOISTURE.-OFFICIAL. 

Proceed as directed under 36. 

42 CARBON DIOXID.— OFFICIAL. 

Proceed as directed under 38. 


COPPER. 

43 Method 7. — Tentative . 

Dissolve 2 grams of the dry powdered sample in a few cc. of strong nitric acid, 
add 25 cc. of a 3% solution of hydrogen peroxid and warm for 5-10 minutes. Make 
slightly alkaline with ammonium hydroxid and then slightly acid again with dilute 
nitric acid. Transfer to a weighed 150 cc. platinum dish, add 15-20 cc. of hydrogen 
peroxid, dilute to 100 cc. and electrolyze, using a rotating spiral anode and a cur- 
rent not exceeding 2 amperes. After the electrolysis has proceeded for about 20 
minutes, add to the electrolyte 0.5 gram of ferric sulphate dissolved in a few cc. 
of water together with a drop or two of nitric acid . After all the copper is deposited, 
wash the deposit with water by siphoning, then rinse with alcohol, dry for a few 
minutes in an oven, weigh and calculate the per cent of copper. (Do not pass the 
current for more than 5-10 minutes after all the copper has been deposited without 
adding more ferric sulphate solution.) 

44 Method II. — Tentative . 

Treat 1 gram of the dry powdered sample with 20 cc. of water and 5-6 cc. of con- 
centrated nitric acid, heat to boiling, cool, and add a slight excess of concentrated 
ammonium hydroxid. Wash the solution and precipitate into a weighed platinum 
dish of about 150 cc. capacity, and electrolyze, using a rotating anode and a cur- 
rent of about 4 amperes and 3-4 volts for about 90 minutes (or until all the copper 
is deposited). Wash the deposit by siphoning until the deposit is clean, being care- 
ful not to use too much wash water. Dissolve the copper in 5 cc. of concentrated 
nitric acid, dilute to 100 cc. and electrolyze as before, except that all the copper 
will be deposited in 30 minutes. Wash the deposit with water by siphoning, then 
rinse with alcohol, dry for a minute or so in an oven, weigh and calculate the per 
cent of copper. 

45 TOTAL ARSENIC. 3 — OFFICIAL. 

Proceed as directed under 5, using an amount of the dry powdered sample equal 
to the arsenious oxid equivalent of 500 cc. of the standard iodin solution. The num- 
ber of cc. of the standard iodin solution used, divided by 2, represents directly the 
per cent of total arsenic in the sample expressed as arsenious oxid (AsaOa) . 

TOTAL ARSENIOUS OXID. 

46 Method 7. — Tentative. 

Proceed as directed under 7, using an amount of the dry, powdered sample equal 
to the arsenious oxid equivalent of 200 cc. of the standard iodin solution. Before 
titrating, all the copper must be in solution. The corrected number of cc. of the 
standard iodin solution used, divided by 2, represents directly the per cent of total 
arsenious oxid (AsaOs) in the sample. 
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47 Method II.— Tentative. 

Proceed as directed under 8. 

48 WATER-SOLUBLE ARSENIOUS OXID.— TENTATIVE* 

Proceed aa directed under 20 , using 2 grams of the sample. 

BORDEAUX MIXTURE WITH LEAD ARSENATE. 

49 MOISTURE.— OFFICIAL. 

Prooeed as directed under 38. 

50 C ARBOR DI OHD. — OFFICIAL. 

Proceed as directed under 38. 

51 COPPER.— TENTATIVE. 

Proceed as directed under 44 . 

52 LEAD OXID.*— TENTATIVE. 

Dissolve the lead peroxid (which will contain a little arsenic) from the anodes 
used in the copper electrolysis, under 51 , by means of dilute nitric acid and a little 
hydrogen peroxid, and add to this solution the washings from both electrolyses 
of copper. Add ammonium chlorid to dissolve any lead sulphate which may have 
precipitated out and make the solution up to 1 liter. Concentrate a 500 cc. aliquot 
of this solution to about 300 cc. (all hydrogen peroxid must be expelled from the 
solution), transfer to a 400 cc. beaker and precipitate the lead as lead chromate 
as directed under 24 . 

53 TOTAL ARSENIC. 1 — OFFICIAL. 

Proceed as directed under 5 , using an amount of the dry, powdered sample equal 
to the arsenic oxid equivalent of 500 cc. of the standard iodin solution. The num- 
ber of cc. of the standard iodin solution used, divided by 2, represents directly the 
per cent of total arsenio in the sample expressed as arsenic oxid (AsaOi) . 

54 WATER-SOLUBLE ARSENIC OXID.— TENTATIVE. 

Proceed as directed under 31 . 

SODIUM AND POTASSIUM CYANIDS. 

55 CYANOGEN. 1 *— OFFICIAL. 

Weigh about 10 grains of the sample in a weighing bottle, dissolve in water, and 
make up to volume in a liter graduated flask. To a 50 cc. aliquot add N/20 silver 
nitrate, drop by drop, stirring constantly, until 1 drop produces a permanent tur- 
bidity. In calculating the results, 1 equivalent of silver is equal to 2 equivalents 
of cyanogen, according to the following equation: 

2NaCN + AgNO, - NaCNAgCN + NaNOi 

Reserve the titrated solution for the determination of chlorin under 58. 
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56 CHLORIN. 14 — OFFICIAL. 

After completion of the titration for cyanogen, as directed under 55, add a few 
©c. of 10% potassium chromate solution as indicator and titrate with N/20 silver 
nitrate until the appearance of the red-brown color of silver chromate. 

The first titration with silver nitrate represents the cyanogen present according 
to the equation above. The second titration represents the cyanogen and chlorin 
according to the following equation: NaCNAgCN + NaCl + 2AgNO* =* 2NaNO* + 
2AgCN + AgCl. Therefore the second minus the first reading represents the chlorin 
present in terms of silver nitrate. 


SOAP. 

MOISTURE. 

57 Modified Method of Benedickt and Lewkountsch . u — Tentative . 

Weigh about 5 grams of the sample in a tared, 100 cc. beaker, in which is pre- 
viously placed a J inch layer of recently ignited, dry sand, and a small glass rod; 
if the soap is hard, cut off the soap in very thin strips. Add 25 cc. of alcohol, 
or more if necessary, and dissolve on the water bath, stirring constantly. Evapo- 
rate the alcohol, heat in an oven at 110°C. until the soap is nearly dry, and weigh, 
then dry again for 30 minutes and weigh. Continue this alternate drying and 
weighing until the weight changes only a few milligrams during the course of 30 
minutes' drying. 

58 POTASSIUM AND SODIUM. 14 — TENTATIVE. 

Dissolve about 5 grams of the soap in water ; decompose with hydrochloric acid, 
filter off the water and wash the fat with cold water. Determine both potassium 
and sodium in the filtrate as directed under II, 21 . 

SODA LYE. 

59 CARBONATE AND HYDROXIDE— OFFICIAL. 

Weigh about 10 grams of the sample from the weighing bottle, dissolve in car- 
bon dioxid-free water and make up to a definite volume. Titrate an aliquot of this 
solution with N/2 hydrochloric acid, using methyl orange as an indicator, and note 
the total alkalinity thus found. Transfer an equal aliquot to a graduated flask 
and add enough barium chlorid solution to precipitate all the carbonate, avoiding 
any unnecessary excess. Dilute to the mark with carbon dioxid-free water, stopper, 
shake, and set aside. When the liquid becomes clear, pipette off one half and ti- 
trate with N/2 hydrochloric acid, using phenolphthalein as an indicator. The 
number of cc. of N/2 acid, required for this titration, multiplied by 2 gives the num- 
ber of cc. of N/2 acid required to neutralize the sodium hydroxid present in the 
original aliquot. The difference between this figure and the number of cc. of N/2 
hydrochloric acid required for the total akalinity represents the number of cc. of 
N/2 acid required to neutralize the sodium carbonate present in the aliquot. Cal- 
culate the percentages of sodium carbonate and hydroxid present in the sample. 

TOBACCO AND TOBACCO EXTRACT. 

H1COTIN. 

Kissling Method . — Official, 

60 BB AGENTS. 

(a) Alcoholic sodium hydroxid solution . — Dissolve 6 grams of sodium hydroxid 
in 40 cc. of water and 60 cc. of 90% alcohol. 
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(b) 04% sodium hydroxid solution . 

(C) N/IQ sulphuric acid.—* One cc. is equivalent to 18.22 mg. of nicotin. 

(d) Phenacetolin solution.— Prepare a 0.5% alcoholic solution. 

(e) Cochineal solution. — Prepare as directed under I, 16 (k). 

61 DETERMINATION. 

Weigh 5-6 grams of tobacco extract, or 20 grams of finely powdered tobacco 
which has been previously dried at 60°C. if necessary, into a small beaker. Add 
10 cc. of the alcoholic sodium hydroxid and follow, in the case of tobacco extract, 
with enough pure powdered calcium carbonate to form a moist but not lumpy mass. 
Mix thoroughly, transfer to a Soxhlet extractor and exhaust for about 5 hours with 
ether. Evaporate the ether at a low temperature, and take up the residue with 50 
cc. of the 0.4% sodium hydroxid solution. Transfer this residue by means of water 
to a 500 cc. Kjeldahl flask, and distil with steam, passing the distillate through a 
condenser cooled by a rapidly flowing current of water. Use a 3-bend outflow tube, 
and, to prevent bumping and frothing, add a few pieces of pumice, and a small piece 
of paraffin. Distil till all the nicotin has passed over, the distillate usually varying 
from 400-500 cc. When completed, only about 15 cc. of the liquid should remain in 
the flask. Titrate the distillate with N/10 sulphuric acid, using the phenacetolin 
or cochineal solution as indicator. 

Silicotung8tic Acid Method. 1 * — Official . 

62 REAGENTS. 

(a) Silicotung8tic acid solution . — Prepare a 12% solution of the silicotungstic 
acid having the following formula: 4H20.Si0*.12W0j.22Hi0. 

(b) Sodium or potassium hydroxid solution ( 1 to £). 

(C) Dilute hydrochloric acid (1 to 4 ) . 

63 DETERMINATION. 

Weigh such an amount of the preparation as will contain preferably between 0.1 
and 1.0 gram of nicotin (if the sample contains very little nicotin, about 0.1%, do 
not increase the amount to the point where it interferes with the distillation) ; wash 
with water into a500cc. round-bottomed distillation flask; add a little paraffin to pre- 
vent frothing, a few small pieces of pumice and a slight excess of the sodium or 
potassium hydroxid, using phenolphthalein as an indicator. Distil rapidly in a 
current of steam through a well-cooled condenser, connected by means of an adapter 
with a suitable flask containing 10 cc. of the dilute hydrochloric acid. When distil- 
lation is well under way, heat the distillation flask to reduce the volume of the liquid 
as far as practicable without bumping or undue separation of insoluble matter. Dis- 
til until a few cc. of the distillate show no cloud or opalescence when treated with a 
drop of the silicotungstic acid and a drop of the dilute hydrochloric acid. Confirm 
the alkalinity of the residue in the distillation flask with phenolphthalein solution. 
Make up the distillate, which may amount to 1000-1500 cc ., to a convenient volume (the 
solution may be concentrated on the steam bath without loss of nicotin), mix well 
and pass through a large dry filter if not clear. Test a portion with methyl orange 
to assure its acidity. Pipette an aliquot, containing about 0.1 gram of nicotin, into 
a beaker (if the samples contain very small amounts of nicotin, an aliquot contain- 
ing as little as 0.01 gram of nicotin may be used), add to each 100 cc. of liquid 3 cc. 
of the dilute hydrochloric acid, or more if the necessity is indicated by the test with 
methyl orange, and add 1 cc. of the silicotungstic acid for each 0.01 gram of nico- 



INSECTICIDES AND FUNGICIDES 


17 


VII] 

tin supposed to be present. Stir thoroughly and let stand overnight. Before filter- 
ing, stir the precipitate to see that it settles quickly and is in crystalline form; then 
filter on an ashless filter paper, and wash with cold dilute hydrochloric acid (1 to 
1000). Transfer the paper and precipitate to a weighed platinum crucible, dry 
carefully, and ignite until all carbon is destroyed. Finally heat over a Teclu or 
Meker burner for not more than 10 minutes. The weight of the residue multiplied 
by 0.114 gives the weight of nicotin present in the aliquot. 

FORMALDEHYDE SOLUTIONS. 

FORMALDEHYDE. 

Hydrogen Peroxid Method. 19 — Official. 

64 REAGENTS. 

(a) N/l sulphuric acid . 

(b) N/l sodium hydroxid.— One cc. is equivalent to 30.02 mg. of formaldehyde. 
(C) Hydrogen peroxid . — An approximately 3% solution. If the hydrogen per- 

oxid solution is acid, neutralize with (b), using litmus solution as indicator. 

(d) Litmus solution. — A solution of purified litmus. 

65 DETERMINATION. 

Measure 50 cc. of N/l sodium hydroxid into a 500 cc. Erlenmeyer flask and add 
50 cc. of the hydrogen peroxid. Then add 3 grams of the formaldehyde solution un- 
der examination, allowing the point of the pipette to reach nearly to the liquid in the 
flask. Place a funnel in the neck of the flask and heat on the steam bath for 5 min- 
utes, shaking occasionally. Remove from the steam bath, wash the funnel with 
water, cool the flask to about room temperature, and titrate with N/l acid, using 
the litmus solution as indicator. It is necessary to cool the flask before titration 
with the acid to get a sharp end point with the litmus. Calculate the per cent of 
formaldehyde. 


Cyanid Method." — Official . 

66 REAGENTS. 

(a) N/10 silver nitrate. 

(b) N/10 ammonium sulphocyanate . 

(C) Potassium cyanid solution. — Dissolve 3.1 grams of potassium cyanid in 500 
cc. of water. 

(d) 60% nitric acid . 

67 DETERMINATION. 

Treat 15 cc. of the N/10 silver nitrate with 6 drops of the 50% nitric acid in a 
50 cc. volumetric flask; add 10 cc. of the potassium cyanid solution, dilute to the 
mark, shake well, filter through a dry filter and titrate 25 cc. of the filtrate with 
N/10 ammonium sulphocyanate as directed under HI, 15. Acidify another 15 co. 
portion of the N/10 silver nitrate with 6 drops of the 50% nitric acid and treat with 
10 cc. of the potassium cyanid solution to which has been added a measured quan- 
tity (the weight of which must be calculated from the specific gravity) of the for- 
maldehyde solution containing not over 2.5 grams of a 1% solution or the equiva- 
lent. Makq up to 50 cc., filter and titrate a 25 cc. aliquot with the N/10 ammonium 
sulphocyanate for the excess of silver as before. The difference between the num- 
ber of cc. of N/10 ammonium sulphocyanate used in these 2 titrations, multiplied 
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by 2, gives the number of ce. of N/10 ammonium sulphocyanate corresponding to 
the potassium cyanid used by the formaldehyde. Calculate the per cent of for- 
maldehyde present (1 cc. of N/10 ammonium sulphocyanate is equivalent to 3 mg. of 
formaldehyde (HCHO)). 


LIME-SULPHUR SOLUTIONS . 11 

TOTAL SULPHTJR.— OFFICIAL. 

68 PREPARATION OF SOLUTION. 

Weigh 10 grams of the solution and dilute to the mark in a 250 cc. graduated 
flask with recently boiled and cooled water. 

69 DETERMINATION • 

Transfer a 10 cc. aliquot to a 400 cc. beaker, add about 3 grams of sodium peroxid, 
cover immediately with a watch glass and warm on the steam bath, with frequent 
shaking, until all the sulphur is oxidized to sulphate, adding more sodium peroxid 
if necessary. Dilute, acidify with hydrochloric acid, evaporate to dryness, treat 
with water acidified with hydrochloric acid, boil, and filter to remove silica, if pres- 
ent. Dilute the filtrate to 300 cc., add 50 cc. of concentrated hydrochloric acid,** 
heat to boiling, and precipitate with 10% barium chlorid solution slowly and stir- 
ring constantly. (The rate is best regulated by attaching a suitable capillary tip 
to the burette containing the barium chlorid solution.) Evaporate to dryness on 
the steam bath, take up with hot water, filter through a quantitative filter paper, 
wash until free from chlorin, ignite and heat to constant weight over a Bunsen 
burner. Calculate the sulphur from the weight of barium sulphate. Previous to 
use test the reagents for sulphur and, if present, make corrections accordingly. 

SULPHID SULPHUR. — OFFICIAL. 

70 REAGENT. 

Ammoniacal tine solution . — Dissolve 50 grams of pure zinc chlorid in water, add 
ammonium hydroxid in sufficient quantity to redissolve the precipitate first formed, 
then add 50 grams of ammonium chlorid** and dilute to 1 liter. 

71 DETERMINATION. 

Dilute 10 cc. of the solution, prepared as directed under 68, to about 100 cc. and 
add the ammoniacal zinc solution until the sulphid is all precipitated, indicated by 
the addition of a drop of the clear solution to a few drops of nickel sulphate solution. 
Filter immediately, wash the precipitate thoroughly with cold water and transfer 
it and the filter paper to a beaker. Cover with water, disintegrate with a glass rod 
and add about 3 grams of sodium peroxid, keeping the beaker well covered with a 
watch glass. Warm on the steam bath with frequent shaking until all the sulphur 
is oxidized to sulphate, adding more sodium peroxid if necessary. Make slightly 
acid with hydrochloric acid, filter to remove shreds of filter paper, wash thoroughly 
with hot water, and determine the sulphur in the filtrate exactly as under 69. 

72 THIOSULPHATE SULPHUR.-OFFICIAL. 

Dilute 50 cc. of the solution, prepared as under 68, to about 100 cc. in a 200 cc. 
graduated flask. Add a slight excess of the ammoniacal zinc chlorid and dilute to 
the mark. Shake thoroughly and filter through a dry filter. To 100 cc. of the fil- 
trate add a few drops of methyl orange and exactly neutralize with N/10 hydrochloric 
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acid. Titrate this neutral solution with approximately N/20 iodin, 3 (C), using a 
few drops of starch solution as indicator. From the number of cc. of iodin solu- 
tion used, calculate the thiosulphate sulphur present. 

73 SULPHATE SULPHUR .—OFFICIAL . 

To the solution from the determination in 72, add 2 or 3 drops of hydrochloric 
acid, precipitate in the cold with 10% barium chlorid solution, allow to stand over- 
night, filter, calculate the sulphur from the weight of barium sulphate and report 
as sulphate sulphur. 

74 TOTAL LIME.— OFFICIAL. 

To 25 cc. of the solution, prepared as under 68, add 10 cc. of concentrated hydro- 
chloric acid, evaporate to dryness on the steam bath, treat with water and a little 
hydrochloric acid, warm until all the calcium chlorid is dissolved, and filter from sul- 
phur and any silica that may be present. Oxidize the filtrate by boiling with a 
little concentrated nitric acid, make ammoniacal, filter from iron and aluminium 
if present, heat to boiling and precipitate the calcium with ammonium oxalate so- 
lution. Filter, wash and ignite over a blast lamp to constant weight; weigh the 
residue as calcium oxid. 
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vm. FOODS AND FEEDING STUFFS. 

PREPARATION OF SAMPLE.-OFFICIAL. 


Grind the sample so that it will pass through a sieve having circular openings 
A inch (1 mm.) in diameter. If the sample can not be ground, reduce it to as fine a 
state as possible. 

MOISTURE. 

2 Direct Drying.-— Official. 

Dry a quantity of the substance, representing about 2 grams of dry material, 
in a current of dry hydrogen or in vacuo at the temperature of boiling water to 
constant weight (approximately 5 hours). If the substance be held in a glass vessel, 
the latter should not be in contact with the boiling water. 

3 Drying in Vacuo without Heat. — Tentative . 

Mix the sample thoroughly and weigh by difference 2-5 gram portions from a 
stoppered weighing bottle into tared, covered crucibles. Where subsequent fat 
determinations are to be made, fat extraction cones may be used. Substances that 
dry down to horn-like material should be mixed with fat-free cotton or other suit- 
able material (previously tared with the container). Place 200 cc. of fresh concen- 
trated sulphuric acid in a strong, tight 6 inch vacuum desiccator. Put triplicate 
samples in separate desiccators, and exhaust by means of a vacuum pump. If a 
pump is not available, place 10 cc. of ether in a small beaker in the desiccator, and 
exhaust with a water filter pump. 

Between the pump and the desiccator interpose an empty bottle, next to the 
desiccator, and a bottle of water. Draw the air from the desiccator through the 
water and turn the desiccator stop-cock at just the instant when the water begins 
to rise in the tube leading from the empty bottle. 

Gently rotate the desiccator 4 or 5 times during the first 12 hours to mix the sul- 
phuric acid with the water which has collected as an upper layer. At the end of 24 
hours open the desiccator, forcing the incoming air to bubble through concentrated 
sulphuric acid, and make the first weighing. After weighing place in a desiccator 
containing fresh concentrated sulphuric acid and exhaust as before. Rotate the 
desiccator several times during the interval and weigh again after a suitable period 
of drying. Repeat this process of drying in vacuo over sulphuric acid until the 
weight is constant. 

4 ASH.— OFFICIAL. 

Char a quantity of the substance, representing about 2 grams of the dry material, 
and bum until free from carbon at a low heat, not to exceed dull redness. If a 
carbon-free ash can not be obtained in this maimer, exhaust the charred mass with 
hot water, collect the insoluble residue on a filter, bum till the ash is white or nearly 
so, and then add the filtrate to the ash and evaporate to dryness. Heat to low 
redness till the ash is white or grayish white and weigh. 
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5 CRUDE PROTEIN.— OFFICIAL. 

Determine nitrogen as directed under 1, 1 8, 21 , or 23, and multiply the result by 
6.25. 

ALBUMINOID NITROGEN.— OFFICIAL. 

6 REAGENT. 


Stutter 9 9 reagent — Prepare cupric hydroxid as follows : Dissolve 100 grams of pure 
copper sulphate in 5 liters of water, add 2.5 cc. of glycerol, and then dilute sodium 
hydroxid solution until the liquid is just alkaline; filter, rub the precipitate up with 
water containing 5 cc. of glycerol per liter, and wash by decantation or filtration 
until the washings are no longer alkaline. Rub the precipitate up again in a mortar 
with water containing 10% of glycerol, thus preparing a uniform gelatinous mass 
that can be measured with a pipette. Determine the quantity of copper hydroxid 
per cc. of this mixture. 

7 DETERMINATION. 


Place 0.7 gram of the substance in a beaker, add 100 cc. of water, and heat to 
boiling; or, in case of substances rich in starch, heat on the water bath for 10 minutes; 
add a quantity of the Stutzer’s reagent containing about 0.5 gram of the hydroxid; 
stir thoroughly, filter when cold, wash with cold water, and, without removing the 
precipitate from the filter, determine the nitrogen according to I, 18, 21 or 23, 
adding sufficient potassium sulphid solution to completely precipitate all of the 
copper and mercury. The filter paper used must be practically free from nitrogen. 
If the material (such as seeds, seed residue, or oil cake) is rich in alkaline phos- 
phates, add, to decompose the alkaline phosphates, 1-2 cc. of a concentrated potash 
or soda alum solution, free from ammonia, then the copper hydroxid, and mix well 
by stirring. If this is not done, copper phosphate and free alkali may be formed, 
and the protein-copper precipitate partially dissolved in the alkaline liquid. 

8 AMIDO NITROGEN.— OFFICIAL. 

Subtract the amount of albuminoid nitrogen from the amount of total nitrogen 
to obtain the amido nitrogen. 


CRUDE FAT OR ETHER EXTRACT. 

Direct Method . — Official . 

9 REAGENT. 

Anhydrous ether . — Wash any of the commercial brands of ether with 2 or 3 suc- 
cessive portions of water, add solid sodium or potassium hydroxid, and let stand 
until most of the water has been abstracted from the ether. Decant into a dry 
bottle, add small pieces of carefully cleaned metallic sodium, and let stand until 
there, is no further evolution of hydrogen gas. Keep the ether, thus dehydrated, 
over metallic sodium in lightly stoppered bottles. 

10 DETERMINATION. 

Large quantities of soluble carbohydrates may interfere with the complete ex- 
traction of the fat. In such cases extract with water before proceeding with the 
determination. Extract about 2 grams of material, dried as under 2 or 3, with the 
anhydrous ether for 16 hours. Dry the extract at the temperature of boiling water 
for 30 minutes, cool in a desiccator, and weigh; continue, at 30 minutes intervals, 
this alternate drying and weighing to constant weight. For most feeds a period 
of 1-1} hours is required. 
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1 1 Indirect Method . — Official . 

Determine the moisture, as directed in 2 or 3, then extract the dried substance 
for 16 hours as directed under 1 0, dry again and regard the loss of weight as ether 
extract. 


Sucrose. 

OPTICAL METHODS. 

12 GENERAL DIRECTIONS FOR RAW SUGARS.— TENTATIVE. 

(Rules 1 of the International Commission for Unifying Methods of Sugar Analysis.) 

“In general all polarizations are to be made at 20°C.” 

“The verification of the saccharimeter must also be made at 20°C. For instru- 
ments using the Ventzke scale 26 grams of pure dry sucrose, weighed in air with 
brass weights, dissolved in 100 metric cc. at 20°C. and polarized in a room, the tem- 
perature of which is also 20°C., must give a saccharimeter reading of exactly 100.00. 
The temperature of the sugar solution during polarization must be kept constant 
at 20°C.” 

“For countries where the mean temperature is higher than 20°C., saccharimeters 
may be adjusted at 30°C. or any other suitable temperature, under the conditions 
specified above, provided that the sugar solution be made up to volume and polarized 
at this same temperature.” 

“In effecting the polarization of substances containing sugar employ only half- 
shade instruments.” The saccharimeter used can be either single or double wedge 
and should be a half-shadow instrument with either double or triple field. 

“During the observation keep the apparatus in a fixed position and so far removed 
from the source of light that the polarizing Nicol is not warmed.” 

“As sources of light employ lamps which give a strong illumination such as 
triple gas burner with metallic cylinder, lens and reflector; gas lamps with Auer 
(Welsbach) burner; electric lamp; petroleum duplex lamp; sodium light.” When- 
ever there is any irregularity in the sources of light such as that due to the convolu- 
tions of the filament in the case of electric light or to the meshes of the gauze in the 
case of the Welsbach light, place a thin ground-glass plate between the source of 
light and the polariscope so as to render the illumination uniform. 

“Before and after each set of observations the chemist must satisfy himself of the 
correct adjustment of his saccharimeter by means of standardized quartz plates. 
He must also previously satisfy himself of the accuracy of his weights, polarization 
flasks, observation tubes and cover-glasses. (Scratched cover-glasses must not be 
used.) Make several readings and take the mean thereof, but no one reading may 
be neglected.” Such plates are standardized to read to the second decimal point 
and by their use a quick and at the same time accurate test can be made. In using 
such plates for testing saccharimeters, it is necessary that the instrument, as well as the 
plate, be at 20°C. before making a reading. Different points of the scale, preferably 
20°, 60°, 80°, and 100°, (sugar scale) should be tested against the plates. 

“In making a polarization use the whole normal weight for 100 cc. or a multiple 
thereof for any corresponding volume.” 

“As clarifying and decolorizing agents use either basic acetate of lead, alumina 
cream, or concentrated solution of alum. Boneblack and decolorizing powders are 
to be excluded.” Whenever reducing sugars are determined in the solution for po- 
larizing, use only neutral lead acetate for clarification as basic lead acetate causes 
precipitation of some of the reducing sugars. In addition to these clarifying agents, 
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neutral lead acetate and basic lead nitrate (Herles* solution) hare been made official 
by the Association. 

“After bringing the solution exactly to the mark at the proper temperature, and 
after wiping out the neck of the flask with filter paper, pour all of the well-shaken 
clarified sugar solution on a rapidly acting filter. Reject the first portions of the 
filtrate, and use the rest, which must be perfectly clear, for polarisation.” It is 
advisable to reject the first 20 cc. that run through, then cover the funnel with a 
watch glass and use the remainder for polarisation. In no case should the whole 
solution or any part be returned to the filter. If cloudy after the 20 cc. have been 
rejected, begin a new determination. 

“Whenever white light is used in polarimetric determinations, the same must be 
filtered through a solution of potassium di chromate of such a concentration that the 
percentage content of the solution multiplied by the length of the column of the solu- 
tion in centimeters is equal to nine.” This concentration must be doubled in 
reading carbohydrate materials of high rotation dispersion, such as commercial 
glucose, etc. 

13 PREPARATION AND USE OF CLARIFYING REAGENTS.— TENTATIVE . 

(a) Basic lead acetate solution.— Boil 430 grams of neutral lead acetate, 130 grams 
of litharge, and 1 liter of water for 30 minutes. Allow the mixture to cool and settle 
and dilute the supernatant liquid to a specific gravity of 1.25 with recently boiled 
water. Solid basic lead acetate may be substituted for the normal salt and litharge 
in the preparation of the solution. 

(b) Alumina cream.— Prepare a cold saturated solution of alum in water. Add 
ammonium hydroxid with constant stirring until the solution is alkaline to litmus, 
allow the precipitate to settle and wash by decantation with water until the wash 
water gives only a slight test for sulphates with barium chlorid solution. Pour off 
the excess of water and store the residual cream in a stoppered bottle. 

(C) Dry basic lead acetate {Horne method).— This clarifying agent is obtained as 
a dry powdered salt and should contain 72.8% of lead, which corresponds to a com* 
position of 3Pb(CiH|0*)*2Pb0. Dissolve the normal or half-normal weight of the 
sugar solution in a flask with water and complete the volume. Add a small quantity 
of the dry salt and shake, then add more and shake again, repeating until completely 
precipitated but avoiding any excess. Of this salt 0.1346 gram is equivalent to 1 cc. 
of the basic lead acetate solution, described under (a) . When molasses or any other 
substance producing a heavy precipitate is being clarified, some dry, coarse sand 
should be added to break up the balls of basic lead acetate and the precipitate. 
(This method is to have equal weight with the use of a solution of basic lead acetate 
in clarifying cane, sorghum, and beet products.) 

(d) Neutral lead acetate.— Prepare a saturated solution of neutral lead acetate and 
add it to the sugar solution before completing to volume. Its use is imperative when 
determining the reducing sugars in the solution used for polarization. 

(6) Baste lead nitrate ( Herles * solution).— (1) Dissolve 250 grams of lead nitrate 
in water and make up to 500 cc. (2) Dissolve 25 grams of sodium hydroxid in water 
and make up to 500 cc. 

Add equal amounts of (1) and (2) to the sugar solution, shake, and add more if 
complete precipitation has not occurred, but avoid any excess. Then complete 
the volume with water. When this solution is used for clarification, the factor in the 
Clerget determination becomes 143.5 instead of 142.66. 
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DETERMINATION OF SUCROSE IN THE ABSENCE OF RAFFINOSE. 

(In the presence of much levulose, as in honeys and fruits products, the optical 
method for sucrose gives too high a result.) 

14 By Polarization Before and After Inversion with Hydrochloric Add . — Official, 

Dissolve the normal weight (26 grams) of the substance in water, add basic lead 
acetate carefully, avoiding any excess, then 1-2 cc. of alumina cream, shake, and 
dilute to 100 metric cc., filter, rejecting the first 20 cc. of the filtrate, cover the 
filter with a watch glass and, when sufficient filtrate is collected, polarize in a 200 
mm. tube. The reading so obtained is the direct reading (P of formula given be- 
low) or polarization before inversion. For the invert reading, remove the lead from 
the solution either (1) by adding anhydrous potassium oxalate, a little at a time, 
to the remaining solution, avoiding an excess and removing the precipitated lead 
by filtration; or, (2) by adding anhydrous sodium carbonate under the same con- 
ditions. Introduce 50 cc. of the lead-free filtrate into a 100 cc. flask (if sodium 
carbonate was used for removing the lead, neutralize carefully the excess of sodium 
carbonate with a few drops of dilute hydrochloric acid) and add 25 cc. of water. 
Then add, little by little, while rotating the flask, 5 cc. of hydrochloric acid, (sp.gr. 
1.20). Heat the flask after mixing, in a water bath kept at 70°C. The temperature 
of the solution in the flask should reach 67°-69°C. in 2J— 3 minutes. Maintain a 
temperature of as nearly 69°C. as possible for 7-7 J minutes, making the total time 
of heating 10 minutes. Remove the flask and cool the contents rapidly to 20°C. 
and dilute to 100 cc. Polarize this solution in a tube provided with a lateral branch 
and a water jacket, maintaining a temperature of 20°C. This reading must be 
multiplied by 2 to obtain the invert reading. If it is necessary to work at a tem- 
perature other than 20°C., which is allowable within narrow limits, the volumes 
must be completed and both direct and invert polarizations must be made at exactly 
the same temperature. 

The inversion may also be accomplished as follows: (1) To 50 cc. of the clarified 
solution, freed from lead, add 5 cc. of hydrochloric acid (sp. gr. 1.20) and set aside 
for 24 hours at a temperature not below 20°C.; or ,(2) If the temperature be above 
25°C. set aside for 10 hours. Make up to 100 cc. at 20°C. and polarize as directed 
above. 

Calculate sucrose by one of the following formulas: 

For substances in which the invert solution contains more than 12 grams of invert 
sugar per 100 cc.— The following formula is to be used when substances like raw 
sugars are polarized: 

s - i rcJL zJj in which 
142.66 - | 

8 «■ per cent of sucrose; 

P - direct reading normal solution; 

I * invert reading normal solution ; 

T - temperature at which readings are made. 

For substances in which the concentration of the invert solution is less than It grams 
per 100 cc, — The following formula, which takes into account the concentration of the 
sugar in solution, should be used in all other cases. 
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s 

p 

I 

T 


g 100 (P - I) 

142.66- £ - 0.0065 £l42.66 - 1 

per cent of sucrose ; 
direct reading normal solution ; 
invert reading normal solution; 
temperature. 


—in which 

(P-I)J 


By Polarization Before and After Inversion with Invertase. — Tentative. 


15 REAGENT. 

Invertase solution t Hudson Method. 1 ) — Mix 1 kilo of pressed baker’s or brewer’s 
yeast with 1 liter of tap water and 50 cc. of toluene and keep at room temperature 
2-3 days to allow autolysis to proceed to the stage of maximum inverting activity. 
Then add neutral lead acetate in slight excess, filter, precipitate the lead in the 
filtrate with hydrogen sulphid, filter again and then dialyze the filtrate thoroughly 
in a collodion sac. Preserve in an ice box the dialyzed solution with the addition 
of a little toluene to prevent the growth of micro-organisms. Note the optical 
activity of the invertase solution and correct the invert reading according to the 
amount of the solution used. 


16 DETERMINATION. 

Dissolve the normal weight (26 grams) of the substance in water, clarify, make 
up to volume, and take the direct polarization (P) as directed under 14. If lead 
has been used as a clarifying agent, remove the excess of lead from the filtrate, with 
anhydrous sodium carbonate or potassium oxalate, and filter. To 50 cc. of the 
filtrate in a 100 cc. flask add acetic acid, drop by drop, until the reaction is acid to 
litmus, add 10 cc. of the invertase solution, fill the flask with water nearly to 100 cc. 
and let stand in a warm place (about 40°C.) overnight. Cool and make up to 100 cc. 
at 20°C. Polarize at 20°C. in a 200 mm. tube. Allow the solution to remain in the 
tube for an hour and repeat the polarization. If there is no change from the pre- 
vious reading, the inversion is complete, whereupon the reading and temperature 
of the solution are carefully noted. Correct the reading for the optical activity 
of the invertase solution and then multiply by 2. Calculate the percentage of 
sucrose by the following formula: 


100 (P - I) 


142 - | - 0.0065 [l42 - ^ — (P - I)] 


• in which 


S <* per cent of sucrose; 

P « direct reading; 

I ■= invert reading; 

T - temperature at which invert reading is made. 


1 7 DETERMINATION OF SUCROSE AND RAFFIN OSB.— OFFICIAL. 

(Of value chiefly in the analysis of beet products.) 

If the direct reading is more than 1° higher than the per cent of sucrose as cal- 
culated by the formula given under 14, raffinose is probably present. Calculate 
sucrose and raffinose by the following formula of Herzfeld: 
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0.5124 P - I 
0.839 ; 


R 


P-S 

1.852 


in which 


P = direct reading normal solution; 

I « invert reading normal solution; 

S » per cent of sucrose; 

R « per cent of anhydrous raffinose. 

The above formula assumes that the polarizations are made at exactly 20°C. 
If the temperature (T) is other than 20°C., the following formula should be used: 

P (0.4724 j- 0.002 T) - I 
0.899 - 0.003 T 


Having calculated S, then R 


P-S 

1.852 


CHEMICAL METHODS. 

18 DETERMINATION OF SUCROSE FROM REDUCING SUGARS BEFORE AND AFTER 

INVERSI O N. —TENT ATI V E . 

Determine the reducing sugars (clarification having been effected with neutral 
lead acetate, never with basic lead acetate), as directed under 25 , and calculate to 
invert sugar from 27. Invert the solution as directed under 14 or 16, exactly 
neutralize the acid, and again determine the reducing sugars, but calculate them 
to invert sugar from the same table as referred to above, using the invert sugar 
column alone. Deduct the percentage of invert sugar obtained before inversion 
from that obtained after inversion, and multiply the difference by 0.95, the result 
being the per cent of sucrose. The solutions should be diluted in both determina- 
tions so that not more than 245 mg. of invert sugar are present in the amount 
taken for reduction. It is important that all lead be removed from the solution 
with potassium oxalate before reduction. 

Reducing Sugars. 

INVERT SUGAR. 

Approximate Volumetric Method for Rapid Work. — Tentative. 

19 REAGENT. 

SoxhleVs Modification of Fchling J s Solution. — Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate solution . — Dissolve 34.639 .grams of copper sulphate (CuSO* 
5II a O) in water, dilute to 500 cc. and filter through prepared asbestos. 

(b) Alkaline tartrate solution. — Dissolve 173 grams of Rochelle salts and 50 grams 
of sodium hydroxid in water, dilute to 500 cc., allow to stand for 2 days and filter 
through prepared asbestos. 

20 STANDARDIZATION OF COPPER SOLUTION. 

Since the factor of calculation varies with the minute details of manipulation, 
every operator must determine a factor for himself, using a known solution of the 
pure sugar that he desires to determine, and keeping the conditions the same as 
those used for the determination. 
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Standardise the solution for invert sugar in the following manner: 

Dissolve 4.75 grams of pure sucrose in 75 Cc. of water, add 5 cc. of hydrochlorie 
acid (sp. gr. 1.20) and invert as directed under 1 4. Neutralise the acid with sodium 
hydroxid solution and dilute to 1 liter. Ten cc. of this solution contain 0.050 gram of 
invert sugar, which should reduce 10 cc. of the reagent. The strength of the copper 
solution should never be taken as a constant, but should be checked against the 
sugar. 

21 DETERMINATION. 

Place 10 cc. of the reagent in a large test tube and add 10 cc. of water. Heat to 
boiling, and add gradually small portions of the solution of the material to be tested 
until the copper has been completely reduced, boiling after each addition to com- 
plete the reaction. Two minutes' boiling is required for complete reduction when 
the full amount of sugar solution has been added in one portion. When the end 
is nearly reached and the amount of sugar solution to be added can no longer be 
judged by the color of the solution, remove a small portion of the liquid and filter 
rapidly into a small porcelain crucible or on a test plate; acidify with dilute acetic 
acid, and test for copper with dilute potassium ferrocyanid solution. The sugar 
solution should be of such strength as will give a burette reading of 15-20 cc., and 
the number of successive additions should be as small as possible. 

Sozhlet Volumetric Method. — Tentative , 

22 REAGENT. 

The reagent used is described under 19. 

23 DETERMINATION. 

Make a preliminary titration to determine the approximate percentage of reduc- 
ing sugar in the material under examination. Prepare a solution which contains 
approximately 1% of reducing sugar. Place in a beaker 100 cc. of the reagent and 
approximately the amount of the sugar solution for its complete reduction. Boil 
for 2 minutes. Filter through a folded filter and test a portion of the filtrate for 
copper by use of dilute acetic acid and dilute potassium ferrocyanid solution. Re- 
peat, varying the volume of sugar solution, until 2 successive amounts are found 
which differ by 0.1 cc., one giving complete reduction and the other leaving a small 
amount of copper in solution. The mean of these 2 readings is taken as the volume 
of the solution required for the complete precipitation of 100 cc. of the reagent. 

Under these conditions 100 cc. of the reagent require 0.494 gram of invert sugar 
for complete reduction. Calculate the percentage by the following formula; 

V - the volume of the sugar solution required for the complete reduction of 
100 cc. of the reagent; 

W » the weight of the sample in 1 cc. of the sugar solution; 

100X0.494 ... . 

» per cent of invert sugar. 

GRAVIMETRIC METHODS. 

Munson and Walker General Method .* — Tentative . 

24 REAGENTS. 

(a) Asbestos. — Digest the asbestos, which should be the amphibole variety, with 
dilute hydrochloric acid (1 to 3) for 2-3 days. Wash free from acid, digest for a 
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similar period with 10% sodium hydroxid solution, and then treat for a few hours 
with hot alkaline tartrate solution (old alkaline tartrate solutions that have stood 
for some time may be used for this purpose) of the strength employed in sugar de- 
terminations. Then wash the asbestos free from alkali, digest for several hours 
with dilute nitric acid (1 to 3) and, after washing free from acid, shake with water 
into a fine pulp. In preparing the Gooch crucible, make a film of asbestos 1 inch 
thick and wash thoroughly with water to remove fine particles of asbestos. If the 
precipitated cuprous oxid is to be weighed as such, wash the crucible with 10 cc. of 
alcohol, then with 10 cc. of ether, dry for 30 minutes at 100°C., cool in a desiccator 
and weigh. 

(b) The solution used is described under 19. 

25 PRECIPITATION OF CUPROUS OXID. 

Transfer 25 cc. each of the copper sulphate and alkaline tartrate solutions to a 
400 cc. beaker of alkali-resisting glass and add 50 cc. of reducing sugar solution, or, 
if a smaller volume of sugar solution is used, add water to make the final volume 
100 cc. Heat the beaker upon an asbestos gauze over a Bunsen burner, regulate the 
flame so that boiling begins in 4 minutes, and continue the boiling for exactly 2 
minutes. (It is important that these directions be strictly observed and, in order 
to regulate the burner for this purpose, it is advisable to make preliminary tests, 
using 50 cc. of the reagent and 50 cc. of water before proceeding with the actual 
determination.) Keep the beaker covered with a watch glass during the heating. 
Filter the cuprous oxid at once on an asbestos mat in a porcelain Gooch crucible, 
using suction. Wash the cuprous oxid thoroughly with water at a temperature of 
about 60°C., and either weigh directly as cuprous oxid as in 26, or, determine the 
amount of reduced copper by one of the methods under 29-34, respectively. Con- 
duct a blank determination, using 50 cc. of the reagent and 50 cc. of water, and, if 
the weight of cuprous oxid obtained exceeds 0.5 mg., correct the result of the reducing 
sugar determination accordingly. The alkaline tartrate solution deteriorates on 
standing and the amount of cuprous oxid obtained in the blank increases. 

Determination of Reduced Copper. 

26 I, Direct Weighing of Cuprous Oxid. — Tentative . 

Prepare a Gooch as directed under 24 (a). 

Collect the precipitated cuprous oxid on the mat, as directed under 25, wash 
thoroughly with hot water, then with 10 cc. of alcohol, and finally with 10 cc. of 
ether. Dry the precipitate for 30 minutes in a water oven at the temperature of 
boiling water; cool and weigh. Calculate the weight of metallic copper. Obtain 
from 27 the weight of invert sugar equivalent to the weight of copper found. 

This method should be used only for determinations in pure sugar solutions. In 
all other products the copper of the cuprous oxid should be determined by one of the 
following methods, since the cuprous oxid is very apt to be contaminated with 
foreign matter. 

The number of milligrams of copper reduced by a given amount of reducing sugar 
differs when sucrose is present and when it is absent. In the tables the absence of 
sucrose is assumed except in the two columns under invert sugar, where one for 
mixtures of invert sugar and sucrose containing 0.4 gram of total sugar in 50 cc. of 
solution, and one for invert sugar and sucrose when the 50 cc. of solution contains 2 
grams of total sugar are given, in addition to the column for invert sugar alone. 
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27 Table l.— M unson and Walker’s Table. 

For calculating dextrose, invert sugar alone, invert sugar in the presence of sucrose 
(0.4 gram ana $ grams total sugar), lactose (two forms), and maltosk (anhydrous and 
crystallised ). 

(Expressed in milligrams. 1 
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8 
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INVERT SUGAR 
AND SUCROSB 

LACTOSE 

MALTOSE 

f 

0 

a 

1 
| 

0.4 gram total 
sugar 

2 grams total 
sugar 

if 

6 

i 

1 

o 

1 

§ 

10 

■PM 

4.0 

4.5 

1.6 


3.8 

V9 


6.2 

10 

u 


4.5 

5.0 

2.1 



Bffl 


7.0 

11 

12 

10.7 

4.9 

5.4 

2.5 



BsS 


7.9 

12 

13 

11.6 

5.3 

5.8 

3.0 


Hltfl 

mSm 


8.7 

13 

14 

12.4 

5.7 

6.3 

3.4 


B21 

6.8 


9.5 

14 

15 

13.3 

6.2 

■n 

3.9 


7.1 

7.5 

9.9 

10 4 

15 

10 

14.2 

6.6 

Btl 

4.3 


7.8 

8.2 

10.6 

11.2 

16 

17 

15.1 

7.0 

Bn 

4.8 


8.4 

8.9 

11.4 

12.0 

17 

10 

16. 0 

7.5 

mtm 

5.2 


9 1 

9.5 

12.2 

12.9 

18 

10 

16.9 

7.9 

8.5 

5.7 


9.7 

10.2 

13.0 

13.7 

19 

20 

17.8 

8.3 

8.9 

6.1 


10 4 

10.0 

13.8 

14.6 

20 

21 

18.7 

8.7 

9.4 

mSM 


11.0 

11.6 

14.6 

15.4 

21 

22 

19.5 

9.2 

9.8 



11.7 

12.3 

15.4 

16.2 

22 

23 

20.4 

9.6 

10.3 

BK9 


12.3 

13.0 

16.2 

17.1 

23 

24 

21.3 

10.0 

10.7 

7.9 


13.0 

13.7 

17.0 

17.9 

24 

25 

22.2 

10.5 

11.2 

8.4 


13 7 

14.4 

17.8 

18.7 

25 

20 

23.1 

10 9 

11.6 

8.8 


14.3 

15.1 

18.6 

19.6 

26 

27 

24.0 

11.3 

12.0 

9.3 


15.0 

15.8 

19.4 

20.4 

27 

28 

24.9 

11.8 

12.5 

9.7 


15.6 

16.5 

20.2 

21.2 

28 

29 

25.8 

12.2 

12.9 



16.3 

17.1 

21.0 

22.1 

29 

30 

26 6 

12.6 

13.4 

10.7 

4.3 

16.9 

17.8 

21.8 

22.9 

30 

81 

27.5 

13.1 

13.8 

11.1 

4.7 

17.6 

18.5 

22.6 

23.7 

31 

32 

28.4 

13.5 

14 3 

11.6 

5.2 

18.3 

19.2 

23.3 

24.6 

32 

33 

29.3 

13.9 

14.7 


5.6 

18.9 

19.9 

24 1 

25.4 

33 

34 

30.2 

14.3 

15.2 

12.5 

6.1 

19.6 

20.6 

24.9 

26.2 

34 

35 

31.1 

14.8 

15.6 

12.9 

6.5 

20.2 

21.3 

25.7 

27.1 

35 

30 

32.0 

15.2 

16.1 

13 4 


20 9 

22.0 

20.5 

27.9 

36 

37 

32.9 

15.6 

16.5 

13.8 

7.4 

21.5 

22.7 

27.3 

28.7 

37 

38 

33.8 

16.1 

16.9 

14.3 

7.9 

22.2 

23.4 

28.1 

29.6 

38 

30 

34.6 

16.5 

17.4 

14.7 

8.4 

22.8 

24.1 

28.9 

30.4 

39 

40 

35.5 

16.9 

17.8 

15.2 

8.8 

23.5 

24.8 

29.7 

31.3 

40 

41 

36.4 

17.4 

18.3 

15.6 

9.3 

24.2 

25.4 

30.5 

32.1 

41 

42 

37.3 

17 8 

18.7 

16 1 

9.7 

24.8 

26.1 

31.3 

32.9 

42 

43 

38.2 

18.2 

19.2 

16.6 

10.2 

25.5 

26.8 

32.1 

33.8 

43 

44 

39.1 

18.7 

19.6 

17.0 


26.1 

27.5 

32.9 

34.6 

44 

45 

40.0 

19.1 

20.1 

17.5 

11.1 

26.8 

28.2 

33.7 

35.4 

45 

40 

40 9 

19.0 

20 5 

17.9 

11.6 

27.4 

28.9 

34.4 

36.3 

46 

47 

41.7 

20.0 

21.0 

18.4 

12.0 

28.1 

29.6 

35.2 

37.1 

47 

48 

42.6 

20.4 

21.4 

18.8 

12.5 

28.7 

30.3 

36.0 

37.9 

48 

49 

43.5 

20.9 

21.9 

19.3 

12.9 

29.4 

31.0 

36.8 

38.8 

49 

50 

44.4 

21.3 

22.3 

19.7 

13.4 

30.1 

31.7 

37.6 

39.6 

50 

51 

45.3 

21.7 

22.8 


13.9 

30.7 

32.4 

38.4 

40.4 

51 

52 

46.2 

22.2 

23.2 


14.3 

31.4 

33.0 

39.2 

41.3 

52 

53 

47.1 

22.6 

23.7 

21.1 

14.8 

32.1 

33.7 

40.0 

42.1 

53 

54 

48.0 

23.0 

24.1 

21.6 

15.2 

32.7 

34.4 

40.8 

42.9 

54 

55 

48.9 

23.5 

24.6 

22.0 

15.7 

33.4 

35.1 

41.6 

43.8 

55 

50 

49.7 

23.9 

25.0 

22.5 

16.2 

34.0 

35.8 

42.4 

44.6 

56 

57 

60.6 

24.3 

25.5 

22.9 

16.6 

34.7 

36.5 

43.2 

45.4 

57 

58 

51.5 

24.8 

25.9 

23.4 

17.1 

35.4 

37.2 

44.0 

46.3 

58 

59 

62.4 

25.2 

26.4 

23.9 

17.5 

30.0 

37.9 

44.8 

47.1 

59 

60 

63.3 

25.6 

26.8 

24.3 


36.7 

38.6 

45.6 

48.0 

60 

01 

64.2 

26.1 

27.3 

24.8 

18.5 

37.3 

39.3 

46.3 

48.8 

61 

02 

55.1 

26.5 

27.7 

25.2 

18.9 

38.0 

40.0 

47.1 

49.6 

62 

63 

56.0 

27.0 

28.2 

25.7 

19.4 

38.6 

40.7 

47.9 

50.5 

63 

64 

56.8 

27.4 

28.6 

26.2 

19.8 

39.3 

41.4 

48.7 

51.3 

64 
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Table l.— M unson and Walker’s Table.— C ontinued. 

[Expressed in milligrams.] 
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27 Table 1.— Munson and Walker’s Table.— C ontinued. 

[Expressed in milligrams.) 
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Table 1.— Munson and Walker-s Table.— C ontinued. 


(Expressed in milligrams.) 
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27 Table 1.— Munson and Walker's Table.— Continued. 

[Expressed in milligrams.] 
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s 

1 

1 

g 

g 

M 

0.4 gram total 
sugar 

2 grams total 
sugar 

1 

6 

3 

1 

o 

1 

6 

! 

& 

o 

230 

204.3 

103.2 

106.6 

105.2 

99.1 

149.4 

157 2 

180.2 

189.7 

230 

231 

205 2 

103.7 

107.1 

105.7 

99.6 

150 0 

157.9 

■ Mali 

190.5 

231 

232 

206.1 

104.1 

107.8 

106.2 

100.1 

150 7 

158.6 

181.8 

191 3 

232 


207.0 

104 6 

108.1 

106.7 

100.8 

151.4 

159.3 

182.6 

192.2 

233 

234 

207.9 

105.1 

108.6 

107.2 

101.1 

152.0 


183.4 

■grai 

234 

235 

208.7 

105.6 

109.1 

107.7 

101.6 

152.7 


184 2 

193 8 

235 

23 d 

209.6 

106.0 

109.5 

108 2 

102.1 

153.4 

161 4 

184 9 

194.7 

236 

237 

210.5 

108,5 

110.0 

108 7 

102 6 

154.0 

162 1 

185 7 

195.5 

237 

238 

211.4 

107.0 

110.5 

109.2 

103 1 

154.7 

162 8 

186.5 

196 3 

238 

233 

212.3 

107.5 

111.0 

109.6 

103.5 

155 4 

163.5 

187.3 

197.2 

239 

240 

213.2 

108.0 

111.5 

110.1 

104.0 

156.1 

164.3 

188 1 


240 

241 

214.1 

108.4 

112.0 

■EJLl 

104.5 

156.7 

K£0 

188.9 

198.8 

241 

242 

215 0 

108.6 

112.5 

111.1 

105.0 

157.4 

165.7 

189 7 

199.7 

242 

243 

215.8 

109 4 

113.0 

111.6 

105 5 

158 1 

166.4 

■EM 


243 

244 

216.7 

109.9 

113.5 

112.1 

106.0 

158.7 

167.1 

191.3 


244 

245 

217.6 

110 4 


112 6 

106.5 

159 4 

167.8 

192.1 


245 

240 

218.5 

110.8 

114 5 

113.1 

107 0 

160.1 

168 5 

192 9 


246 

247 

219.4 

111.3 

TfUil 

113.6 

107.5 

160.7 

189.2 

193 6 


247 

248 

220.3 

111.8 

115 4 

114.1 

108.0 

161.4 

189.9 

194.4 



240 

221.2 

112.3 

115.9 

114 6 

108.5 

182.1 


195.2 


U " 

250 

222.1 

112 8 

116 4 

115.1 

109 0 

162.7 

171.3 



250 

251 

223 0 

113.2 

116 9 

115 6 

109.5 

163 4 


106 8 


251 

252 

223.8 

113.7 

117.4 

116.1 

110 0 

164 1 

172.7 

197.6 


252 

253 

224.7 

114.2 

117 9 

116 6 

110.5 

164 7 

173 4 

198 4 


253 

254 

225.6 

114.7 

118.4 

117.1 

111.0 

185 4 

174.1 

199.2 


254 

255 

228 5 

115.2 

118.9 

117 6 

111 5 

166.1 

174 8 

BBTi 

210 5 

255 

250 

227.4 

115.7 

119.4 

118.1 

112 0 

166 8 

175.5 


211.3 

256 

257 

228.3 

118 1 

119.9 

118 6 

112.5 

167 4 

176 2 

■tjtwia 

212 2 

257 

258 

229.2 

118.8 

■gTjwn 

119.1 

113 0 

188.1 

176 9 



258 

259 

230.1 

117,1 

■Ml 


113.5 

168.8 

177.6 


213 8 

259 

260 

231.0 

117.6 

121.4 


114.0 

169.4 

178.3 


214.7 

260 

261 

231 8 

118.1 

121.9 

Bt’tjjfia 

114.5 

170 1 

■FTO 


215 5 

261 


232 7 

118 6 

122 4 

121 1 

115 0 

170 8 

179.8 

205 5 

216 3 

262 


233.8 

119 0 

122.9 

121.6 

115 5 

171.4 

K!U 

206 3 

217 2 

263 


234.5 

119.5 

123 4 

122.1 

116.0 

172.1 

181.2 

207.1 


264 

1 

235.4 

120.0 

123.9 

122.6 

116.5 

172 8 

181 9 

207.9 

218.8 

265 

tiKH 

236.3 

120.5 

124.4 

123 1 

117 0 

173 5 

182.8 

208 7 

219.7 

266 


237.2 

121.0 

124 9 

123 8 

117.5 

174 l 

183 3 

209.5 

220.5 

267 


238.1 

121.5 

125 4 

124.1 

118.0 

174.8 

■Lilil 

210.3 

221.3 

268 


238.9 

122.0 

125 9 

124.6 

118.5 

175.5 

184.7 

211.0 

222.1 

269 

270 

239 8 

122 5 

126 4 

125 1 

119 0 

176 1 

185.4 

211 8 


270 

271 

240.7 

122.9 

126.9 

125.8 

119.5 

176.8 

186.1 

212.6 

223.8 

27 t 

272 

241 6 

123.4 

127.4 

128.2 

120.0 

177 5 

186 8 

213.4 

224.6 

272 

273 

242.5 

123.9 

127.9 

126 7 

120.6 

178 1 

187.5 

214 2 

225 5 

273 

274 

243 4 

124.4 

128.4 

127.2 

121.1 

178.8 

188.2 

■ 

226.3 

274 

275 

244 3 

124.9 

128.9 

127.7 

121.6 

179.5 

188 9 

215 8 

227 1 

275 

270 

245 2 

125.4 

129.4 

128.2 

122.1 

180 2 

189.6 

216.6 

■Mil 

276 

277 

246 1 

125.9 

129.9 

128.7 

122.6 

180 8 


217.4 

228.8 

277 

278 

246 9 

126.4 


129.2 

123.1 

181 5 

■TTVe 

218.2 

229.6 

278 

279 

247 8 

126.9 


129.7 

123.6 

182.2 

191.7 

218.9 

EMI 

279 

280 

248.7 

127.3 

131.4 


124.1 

182.8 

192.4 

219.7 

231.3 

280 

281 

249.6 

127.8 

131 9 


124.6 

183.5 

193 1 

220.5 

232.1 

281 

282 

250.5 

128.3 

132.4 

131.2 

125.1 

184.2 

193.9 

221.3 

■EEU 

282 

283 

251.4, 

128.8 

132 9 

131.7 

125 6 

184.8 

194.6 

222.1 

233.8 

283 

284 

252.3 

129.3 

133.4 

132.2 

126.1 

185.5 

195.3 

222.9 

234.6 

284 



























cuPBOua oxio (Cu*0) 
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27 


[Chap. 


Table 1.— Munson and Walker’s Table.— C ontinued. 

(Expressed in milligrams.) 


I 

1 

I 

| 

tf 

1 

IMVBBT SDQAB 
AMD SUCBOMB 

LACTOSS 

MALToaa 

1 

| 

!| 

2 

is 

N 

u 

| 

1 

§ 

O 

MO 

802.0 

157.3 

162.0 

161.0 

154.8 

223.2 

2M.9 

267.1 

231.2 

340 

Ml 

802.9 

157.8 

162.5 

161.6 

155.4 

223.8 

235.6 

267.9 

282.0 

Ml 

M3 

803.8 

158.3 

163.1 

162.1 

155.9 

224.5 

236.3 

268.7 

282.9 

342 

M3 

804.7 

158.8 

163.6 

162.6 

156.4 

225.2 

■ 237.0 

269.5 

283.7 

343 

M4 

805.6 

159.3 

164.1 

163.1 

156.9 

225.9 

237.8 

270.3 

384.5 

344 

84ft 

806.5 

159.8 

164.6 


BWil 

226.5 

238.5 

271.1 

285.4 

345 

846 

807.3 

BlUH 

165.1 

■ ■•ill 


227.2 

239.2 

271.9 

286.2 

346 

M7 

808.2 

160.8 

165.7 

■ 2fi 

rp i 

227.9 

239.9 

272.7 

287.0 

M7 

848 

809.1 

161.4 

166.2 

165.2 

159.0 

228.5 

240.6 

273.5 

287.9 

M8 

849 

810.0 

161.9 

166.7 

165.7 

159.5 

229.2 

Ml. 3 

274.3 

288.7 

M9 

850 

■ 

162.4 

167.2 

166.3 

160.1 

229.9 


275.0 

289.5 

350 

8ftl 

811.8 

162.9 

167.7 

166.8 

160.6 

230 6 

■Ml 

275.8 

290 4 

351 

8S3 

312.7 

163.4 

168.3 

167.3 

161.1 

231.2 

Kf£1 

276.6 

291.2 

352 

853 

813.6 

163.9 

168.8 

167.8 

161.6 

231.9 

244.1 

277.4 

292.0 

353 

8M 

814.4 

1M.4 

169.3 

168.4 

162.2 

232.6 

244.8 

278.2 

292.8 

354 

865 

■? VI 

1M.9 

169.8 

168.9 

162.7 

233.3 

245.6 

279 0 

293.7 

355 

856 

■t ll 

165.4 

170.4 

169.4 

163.2 

233.9 

246 3 

279.8 

294.5 

356 

867 

Bt isl 

166.0 


170.0 

163.7 

2M.6 

247 0 

280.6 

295 3 

357 

868 

Bf in 

166.5 

B* u k1 

170.5 

164.3 

235.3 

247.7 

281.4 

296 2 

358 

850 

318.9 

167.0 

■,11 

171.0 

164.8 

236.0 

248.4 

282.2 

297.0 

■ 

860 

319.8 

167.5 

172.5 

171.5 

165.3 

236.7 

249.1 

282.9 

297.8 


861 

320.7 

168.0 

173.0 

172.1 

165.8 

237.3 

249.8 

283.7 

298.7 

Sl«TT*iSi 

862 

321.6 

168.5 

173.5 

172.6 

166.4 

238.0 

250.5 

2M.5 

299.5 


863 

822.4 

169.0 

174.0 

173.1 

166.9 

238.7 

251.2 

285.3 

300.3 


8M 

323.3 

169.6 

174.6 

173.7 

167.4 

239.4 

252 0 

286.1 

301.2 

-m 

866 

824.2 

170.1 

175.1 

174.2 

167.9 

240.0 

252.7 

286.9 

302.0 


866 

825.1 

170 6 

175.6 

174.7 

168.5 


253.4 

287.7 

302.8 


867 

326.0 

171.1 

176 1 

175.2 

169.0 


254.1 

288.5 

303.6 

v^BSi 

868 

326.9 

171.6 

176.7 

175.8 

169.5 

■ ffl 

254.8 

289.3 

304.5 


860 

327.8 

172.1 

177.2 

176.3 

170.0 

i: 

255.5 

290.0 

305.3 


870 

328.7 

172.7 

177.7 

176.8 

170.6 

243.4 

256.2 

290.8 

306.1 

370 

871 

329.5 

173.2 

178.3 

177.4 

171.1 

244.1 

256.9 

291.6 

807 0 

371 

872 

330.4 

173.7 

178.8 

177.9 

171.6 

244.8 

267.7 

292.4 

307.8 


878 

331.3 

174.2 

179 3 

178.4 

172.2 

245.4 

258.4 

293.2 

308.6 


874 

332.2 

174.7 

179.8 

179.0 

172.7 

246.1 

259.1 

294.0 

309.5 


37ft 

333.1 

175.3 

180.4 

179.5 

173.2 

246.8 

259.8 

294.8 

310.3 


876 

334.0 

175.8 

180.9 

180.0 

173.7 

247.5 

260.5 

295.6 

311.1 


877 

334.9 

rn 

181.4 

180.6 

174.3 

248 1 

261.2 

296.4 

312.0 


878 

335.8 


182.0 

181.1 

174.8 

248 8 

261.9 

297.2 

312.8 


870 

336.7 

klfi] 

182.5 

181.6 

175.3 

249.5 

262.6 

297.9 

313.6 

379 

880 

337.5 

177.9 

183.0 


175.9 

250.2 

263.4 

298.7 

814.5 

380 

881 

338.4 

178.4 

183 6 

182.7 

176.4 

250.8 

264.1 

299.5 

815.3 


382 

339.3 

178. § 

1M.1 

183.2 

176.9 

251.5 

264.8 

300.3 

316.1 

382 

888 

MO. 2 

179.4 

1M.6 

183.8 

177.5 

252.2 

265.5 

301.1 

316.9 

383 

884 

Ml.l 

180.0 

185.2 

1M.3 

178.0 

252.9 

266.2 

301.9 

317.8 

3M 

885 


180.5 

185.7 

1M.8 

178.5 

253.6 

266.9 

302.7 

318.6 

385 

886 

M2. 9 

181.0 

186.2 

185.4 

179.1 

254.2 

267.6 

303.5 

319.4 

386 

387 

M3. 8 

181.5 

186.8 

18S.9 

179.6 

254.9 

268.3 

304.2 

820.3 

387 

888 

344.6 

182.0 

187.3 

186.4 

180.1 

255.6 

KIiULli 

MMm 

321.1 

181 

880 

345.6 

182.6 

187.8 

187.0 

180.6 

256.3 

269.8 

305.8 

321.9 

389 

800 

346.4 

183.1 

188.4 

187.5 

181.2 

256.9 

270.5 

306.6 

322.8 

390 

i j ^■tSfv 

M7.3 

183.6 

188.9 

188.0 

181.7 

257.6 

271.2 

307.4 

323.6 

391 

892 

848.2 

1M.1 

189.4 

188. ( 

182.3 

258.3 

271.9 

308.2 

324.4 

392 

893 

M9.1 

1M.7 

190.0 

189.1 

182.8 

259.0 

272.6 

K0JL1 

325.2 

393 

8M 

350.0 

185.2 

190.5 

189.7 

183.3 

259.6 

273.3 

309.8 

326.1 

394 
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27 Table 1.— Munson and Walker’s Table.— C ontinued. 


[Expressed in milligrams.] 


1 

o 

A 

K 

0 

s 

o 

3 

0 

« 

1 

O 

I 

g 

a 

| 

w 

s 

fi 

w 

0 

3 

i 

S3 

H 

i 

INVERT SUGAR 
AND SUCROSE 

LACTOSE 

MALTOSE 

! 

| 

0.4 gram total 
sugar 

2 grams total 
sugar 

<5 

>1 

6 

s 

1 

•J 

6 

1 

6 

§ 

1 

6 

395 

350 9 

185.7 

191 0 


183.9 

260.3 

274.0 

310.6 

326.9 

895 

396 

351 8 

188 2 

191 6 

190.7 

184.4 

KUO 

274 7 

311 4 

327 7 

396 


352.8 

186 8 

192 1 

191 3 

184 9 

261 7 

275 5 

312.1 

328.6 

397 


353 5 

187 3 

192.7 

191 8 

185.5 

262.3 

276.2 

312.9 

329.4 

398 


354.4 

187.8 

193 2 

192.3 

186.0 


276.9 

313 7 

330.2 

399 

400 

355 3 

188 4 

193 7 

192 9 

186 5 

263 7 

277 6 

314 5 

331 1 

400 

401 

356 2 

188 9 

194.3 

193.4 

187 1 

264.4 

278 3 

315 3 

331.9 

401 

402 

357 1 

189 4 

194.8 


187.6 


KiiXI 

316 1 

332 7 

402 

403 

358 0 

189 9 

195 4 

194 5 

188.1 

265.7 

279.7 

316 9 

333.6 

403 

404 

358.9 

190.5 

195.9 


188.7 

266.4 

280.4 

317.7 

334.4 

404 

405 

359 7 

191 0 

196 4 

195.6 

189 2 

267.1 

281.1 

318 5 

335 2 

405 

406 

360 6 

191 5 

197 0 

196 1 

189.8 

267 8 

281.9 

319 2 

336.0 

406 

407 

361.5 

192 1 

197 5 

196.7 

Kliftfl 

268 4 

282.6 

■Mill 

336 9 

407 

408 

362 4 

192.6 

198 1 

197 2 

190 8 

269 1 

283 3 

320 8 

337.7 

! 408 

409 

383.3 

193.1 

198 6 

197.7 

191 4 

269.8 

284.0 

321.6 

338.5 

409 

410 

361 2 

193.7 

199 1 

198 3 

191 9 


284 7 

322 4 

339 4 

410 

411 

385 1 

194 2 

199 7 

198 8 

192 5 

271.2 

285 4 

323 2 

340 2 

411 

412 

366 0 

194 7 

200.2 

199 4 

T'Jt'l 

271.8 

286 2 

KEO 

IKTTlil 

412 

413 

366.9 

195 2 

200 8 

199.9 

193 5 

272 5 

286 9 

324 8 

341 9 

413 

414 

367.7 

195 8 

201.3 


194.1 

273 2 

287.6 

325.6 

342 7 

414 

415 

368.6 

196 3 

201 8 


194 6 

273 9 

288 3 

326.3 

343 5 

415 

418 

389.5 

196.8 

202 4 

201 6 

195 2 

274 6 

289 0 

327 1 

344 4 

416 

417 

370 4 

197.4 

202 9 

202.1 

195 7 

275 2 

289 7 

327 9 

345 2 

417 

418 

371.3 

197.9 

203.5 

202.6 

196.2 

275 9 

290 4 

328 7 

346 0 

418 

419 

372 2 

198.4 

204.0 

203.2 

196.8 

276.6 

291.2 

329 5 

346.8 

419 

430 

373 1 

199.0 

204 6 

203 7 

197 3 

277 3 


330.3 

347 7 

420 

421 

374 0 

199.5 

205 1 

miiimrn 

197 9 

277 9 

292 6 

331 1 

348 5 

421 

422 

374 8 

200.1 

205.7 

204 8 

198 4 

278 6 

293 3 

331 9 

349 3 


423 

375 7 

209.6 

206 2 


198 9 

279 3 

294 0 

332 7 



424 

376 6 

201.1 

206.7 


199 5 


294 7 

333.4 

351.0 


425 

377 5 

201 7 

207.3 

206.5 


280 7 

295 4 

334.2 

351 8 

1 

426 

378 4 

202.2 

207 8 



281 3 

296 2 

335 0 

352 7 


427 

379 3 

202 8 

208 4 




296 9 

335 8 

353 5 

. -- 

428 

380 2 

203 3 

208 9 



282 7 

297 6 

336 6 

354 3 


429 

381.1 

203.8 

209 5 


202.2 

283 4 

298.3 

337 4 

355.1 

ssH iflli 

430 

382 0 

204 4 

210 0 

209 2 


284 l 

299 0 

338.2 

356 0 

430 

431 

382.8 

204.9 

210 6 



284 7 

299 7 

KiSULI 

356 8 

431 

432 

383.7 

205 5 

211 1 


203.8 

285.4 

300 5 

339 7 

357 6 

432 

433 

384.6 

206.0 

211 7 

210 9 

204 4 

286 1 

301 2 


358.5 

433 

434 

385.5 

206.5 

212 2 

211.4 

204 9 

286.8 

301 9 

341 3 

359 3 

434 

435 

386 4 

207 1 

212 8 


205.5 

287.5 

302 6 

342 1 


435 

436 

387.3 

207.8 

213 3 

212 5 


288.1 

303 3 

342 9 


436 

437 

388.2 

208 2 

213 9 

213.1 

206.6 

288.8 

304 0 

343 7 

361 8 

437 

438 

389 1 

208 7 

214 4 

213 6 

207.1 

289 5 

304.7 

344.5 

362 6 

438 

439 

390.0 

209 2 

215 0 

214.2 

207 7 

290.2 

305 5 

345.3 

363.4 

439 

440 

390 8 

209.8 

215.5 

214.7 

208 2 

EStHI 

306 2 

346.1 

364 3 

440 

441 

391 7 

210 3 

216 1 

215 3 

208 8 

291 5 

306 9 

346.8 

365.1 

441 

442 

392.6 

210 9 

216 6 

215 8 

209 3 

292 2 

307.6 

347 6 

365 9 

442 

443 

393.5 

211.4 

217.2 

216 4 

209 9 

292 9 

308 3 

348.4 

366.8 

443 

444 

394.4 

212.0 

217.8 

216.9 


293.6 

K£Bil 

349.2 

367 6 

444 

445 

395.3 

212.5 

218.3 

217.5 

211 0 

294 2 

309.7 


368.4 

445 

448 

396 2 

213.1 

218 9 


211.5 

294 9 

KILO 


369.3 

440 

447 

897.1 

213 6 

219 4 

218.6 

212 1 

295.6 

311.2 

351 6 

370 1 

447 

448 

397.9 

214 1 

220 0 

219 1 

212 6 

296 3 

311 9 

352 4 

370 9 

448 

449 

398.8 

214.7 

220 5 

219.7 

213 2 

297.0 

312.6 

353.2 

371.7 

449 






































38 


METHODS OF .ANALYSIS 


[Chap. 


27 Table 1.— Munson and Walker's Table.— C ontinued. 


{Expressed in milligrams.] 


I 

1 

COPPER (Cu) 

| 

I 

8 

0 

1 

N 

a 

1 

s 

jE 

INVERT SUGAR 
AND SUCROSE 

LACTOSE 

MALTOSE 

% 

O 

§ 

§ 

0.4 gram total 
sugar 

tl 

(0 

N 

1 

s 

1 

6 

if 

6 

f 

6 

480 

399.7 

215 2 

■in 

220.2 

213.7 

297.6 

313.3 

353 9 

372.6 

450 

451 

400.6 

•215.8 


220.8 

214.3 

298.3 

314.0 

354.7 

373.4 

451 

452 

401.5 

216.3 

B* 

221.4 

214.8 

KUbl 

314.7 

355.5 

374.2 

452 

453 

402.4 

216.9 


221.9 

215.4 

299.7 

315.5 

356.3 

375.1 

453 

454 

403.3 

217.4 

223.3 

222.5 

215.9 

300.4 

316.2 

357.1 

375.9 

454 

455 

404.2 

218.0 

223.9 

223.0 

216.5 

301.1 

316.9 

357.9 

376.7 

455 

455 

405.1 

218.5 

224 4 

223.6 

217.0 

301.7 

317.6 

358 7 

377.6 

456 

457 

405.9 

219.1 

225.0 

224.1 

217.6 

302.4 

318.3 

359.5 

378.4 

457 

458 

406.8 

219.6 

225.5 

224.7 

218.1 

303.1 

319 0 

360.3 

379.2 

458 

450 

407.7 

220.2 

226.1 

225.3 

218.7 

303.8 

319.8 

361.0 

380.0 

459 

460 

408.6 

220.7 

226.7 

225.8 

219.2 

304 5 

320.5 

361.8 

380 9 

460 

461 

409.5 

221.3 

227.2 

226.4 

219.8 

305.1 

321.2 

362.6 

381.7 

461 

462 

410.4 

221.8 

227.8 

226.9 

220.3 

305.8 

321.9 

303 4 

382.5 

462 

463 

411.3 

222.4 

228.3 

227.5 

220.9 

306.5 

322.6 

364.2 

383.4 

463 

464 

412.2 

222.9 

228.9 

228.1 

221.4 

307.2 

323.4 

365.0 

384.2 

464 

465 

413.0 

223.5 

229.5 

228.6 

222.0 

307.9 

324.1 

365,8 

385.0 

465 

466 

413 9 

224.0 

230.0 

229.2 

222.5 

308 6 

324 8 

366.6 

385 9 

466 

467 

414 8 

224.6 

230.6 

229.7 

223.1 

309.2 

325.5 

367 3 

386.7 

467 

468 

415.7 

225.1 

231.2 

230.3 

223.7 

309.9 

326 2 

368.1 

387.5 

468 

469 

416.6 

225.7 

231.7 

230.9 

224.2 

310.6 

326.9 

368.9 

388.3 

469 

470 

417.5 

226.2 

232.3 

231.4 

224.8 

311.3 

327.7 

369.7 

389.2 

470 

471 

418.4 

226.8 

232.8 

232.0 

225.3 

312 0 

328.4 

370.5 

390 0 

471 

472 

419.3 

227.4 

233.4 

232.5 

225.9 

312.6 

329.1 

371 3 

390 8 

472 

473 

420 2 

227.9 

234 0 

233.1 

226.4 

313.3 

329.8 

372.1 

391.7 

473 

474 

421.0 

228.5 

234.5 

233.7 

227.0 

314.0 

330.5 

372.9 

392.5 

474 

475 

421.9 

229.0 

235 1 

234 2 

227.6 

314.7 

331.3 

373.7 

393.3 

475 

476 

422.8 

229.6 

235.7 

234.8 

228 1 

315 4 

332.0 

374 4 

394.2 

476 

477 

423.7 

230.1 

236.2 

235.4 

228.7 

316.1 

332.7 

375.2 

395.0 

477 

478 

424.6 

230.7 

236.8 

235.9 

229.2 

316.7 

333.4 

376 0 

395.8 

478 

479 

425.5 

231.3 

237.4 

236.5 

229.8 

317.4 

334.1 

376.8 

396.6 

479 

480' 

426.4 

231.8 

237 9 

237.1 

230.3 j 

318.1 

334.8 

377.6 

397.5 1 

480 

481 

427.3 

232.4 

238 5 

237.6 

230 9 

318 8 

335.6 

378.4 

398.3 

481 

482 

428.1 

232.9 

239 1 

238.2 

231.5 

319.5 

336.3 

379.2 

399 1 

482 

483 

429.0 

233.5 

239.6 

238.8 

232.0 

320.1 

337.0 

380.0 

400 0 

483 

484 

429.9 

234.1 

240.2 

239.3 

232.6 

320.8 

337.7 | 

380.7 

400.8 

484 

485 

430.8 

234 6 

240.8 

239.9 

233.2 

321,5 

338.4 

381.5 

1 

401.6 

485 

486 

431.7 

235.2 

241.4 

240.5 

233.7 

322.2 

339.1 

382.3 

402.4 

486 

487 

432 6 

235.7 

241.9 

241.0 

234.3 

322.9 

339.9 

383.1 

403.3 

487 

488 

433.5 

236.3 

242 5 

241.6 

234.8 

323.6 

340.6 

383.9 

404 1 

488 

489 

434.4 

236.9 

243.1 

242.2 

235.4 

324.2 

341.3 

384.7 

404.9 

489 

490 

435.3 

237.4 

243.6 

242.7 

236.0 

324.9 

342.0 

385.5 

405.8 

490 


II. A. H. Low Volumetric Method , Modified . 4 — Tentative. 

28 REAGENT. 

Standard thiosulphate solution . — Prepare a solution of Bodium thiosulphate 
containing 19 grams of pure crystals in 1 liter. Weigh accurately about 0.2 
gram of pure copper foil and place in a flask of 260 cc. capacity. Dissolve by warming 
with 5 cc. of a mixture of equal volumes of strong nitric acid and water. Dilute 
to 60 cc., boil to expel the red fumes, add 6 cc. of strong bromin water, and boil 
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until the bromin is completely driven off. Remove from the heat and add a slight 
excess of strong ammonium hydroxid (about 7 cc. is required). Again boil until 
the excess of ammonia is expelled, as shown by a change of color of the liquid, 
and a partial precipitation. Then add a slight excess of strong acetic acid (3 or 4 
cc. of 80% acid) and boil for a minute. Cool to room temperature and add 10 co. 
of 30% potassium iodid solution. Titrate at once with the thiosulphate solution 
until the brown tinge has become weak, then add sufficient starch indicator [VII, 
3 (a)] to produce a marked blue coloration. Continue the titration cautiously 
until the color due to free iodin has entirely vanished. The blue color changes to- 
ward the end to a faint lilac. If at this point the thiosulphate be added drop by drop 
and a little time allowed for complete reaction after each addition, there is no diffi- 
culty in determining the end point within a single drop. One cc. of the thiosulphate 
solution will be found to correspond to about 0.005 gram of copper. 

29 DETERMINATION. 

After washing the precipitated cuprous oxid, cover the Gooch with a watch 
glass and dissolve the oxid by means of 5 cc. of warm nitric acid (I to 1) poured under 
the watch glass with a pipette. Catch the filtrate in a 250 cc. flask, wash the 
watch glass and Gooch free of copper, using about 50 cc. of water. Boil to expel 
red fumes, add 5 cc. of bromin water, boil off the bromin, and proceed exactly as 
in 28. 

30 III. Volumetric Permanganate Method . — Tentative. 

Filter and wash the cuprous oxid as directed under 25. Transfer the asbestos 
film to the beaker, add about 30 cc. of hot water, and beat the precipitate and asbes- 
tos thoroughly. Rinse the crucible with 50 cc. of a hot saturated solution of ferric 
sulphate in 20% sulphuric acid, receiving the rinsings in the beaker containing the 
precipitate. After the cuprous oxid is dissolved, wash the solution into a large 
Erlenmeyer flask and immediately titrate with a standard solution of potassium 
permanganate, 1 cc. of which should be equivalent to 0.010 gram of copper. Stand- 
ardize this solution by making 6 or more determinations with the same sugar solu- 
tion, titrating one half of the precipitates obtained, and determining the copper in 
the others by electrolysis. The average weight of copper obtained by electrolysis, 
divided by the average number of cc. of permanganate solution required for the 
titrations, gives the weight of copper equivalent to 1 cc. of the standard perman- 
ganate solution. A solution standardized with iron or oxalic acid will give too low 
a result. 

31 IV . Electrolytic Deposition from Sulphuric Acid Solution. — Tentative . 

Filter the cuprous oxid in a Gooch, wash the beaker and the precipitate thoroughly 
with hot water without transferring the precipitate to the filter. Wash the asbestos 
film and the adhering cuprous oxid into the beaker by means of hot dilute nitric acid. 
After the copper is all in solution, refilter through a thin film of asbestos in a Gooch 
and wash thoroughly with hot water. Add 10 cc. of sulphuric acid (1 to 4), and 
evaporate the filtrate on the steam bath until the copper salt has largely crystal- 
lized. Heat carefully on a hot plate or over asbestos until the evolution of white 
fumes shows that the excess of nitric acid is removed. Add 8-10 drops of nitric acid 
(sp. gr. 1.42) and rinse into a 100-125 cc. platinum dish. Deposit the copper by 
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electrolysis. Wash thoroughly with water, then break the current, wash with alco- 
hol and ether successively, dry at about 50°C., and weigh. If preferred, the elec- 
trolysis can be conducted in a beaker, the copper being deposited upon a weighed 
platinum electrode. 

32 V. Electrolytic Deposition from Sulphuric and Nitric Acid Solution . — Tentative. 

Filter and wash as directed under 31 . Transfer the asbestos film from the cru- 
cible to the beaker by means of a glass rod and rinse the crucible with about 30 cc. 
of a boiling mixture of dilute sulphuric and nitric acids, containing 65 cc. of sul- 
phuric acid (sp. gr. 1.84) and 50 cc. of nitric acid (sp. gr. 1.42) per liter. Heat and 
agitate until solution is complete; filter and electrolyze as under 31 . 

33 VI. Electrolytic Deposition from Nitric Acid Solution. — Tentative. 

Filter and wash as directed under 31 . Transfer the asbestos film and adhering 
oxid to the beaker. Dissolve the oxid still remaining in the crucible by means of 
2 cc. of nitric acid (sp. gr. 1.42), adding it with a pipette and receiving the solution 
in the beaker containing the asbestos film. Rinse the crucible with a jet of water, 
allowing the rinsings to flow into the beaker. Heat the contents of the beaker until 
the copper is all in solution, filter, dilute the filtrate to a volume of 100 cc. or more, 
and electrolyze. When a nitrate solution is electrolyzed, the first washing of the 
•deposit should be made with water acidulated with sulphuric acid, in order to remove 
all the nitric acid before the current is interrupted. 

34 VII. Reduction in Hydrogen. — Tentative. 

Deposit an asbestos film on a perforated platinum disc or cone contained in a 
hard glass filtering tube, wash free from loose fibers, dry and weigh. Through this 
tube, previously moistened, filter the cuprous oxid immediately, using suction. 
Transfer the cuprous oxid to the tube through a removable funnel, and wash thor- 
oughly with hot water, alcohol and ether successively. After drying, connect the 
tube with a supply of dry hydrogen, heat gently until the cuprous oxid is com- 
pletely reduced to metallic copper, cool in the current of hydrogen, and weigh. 
If preferred, a Gooch crucible may be used for the filtration. 

Herzfeld Gravimetric Method. — Tentative. 

Method I. 

(For materials containing 1.5% or less of invert sugar and 98.5% or more of sucrose.) 

35 REAGENTS. 

The reagentB and solutions used are described under 24 . 

36 DETERMINATION. 

Prepare the solution of the material to be examined so as to contain 20 grams in 
100 cc., free from suspended impurities by filtration and from soluble impurities by 
neutral lead acetate, removing the excess of lead by means of sodium carbonate. 
Place 50 cc. of the reagent and 50 cc. of the sugar solution in a 250 cc. beaker. Heat 
this mixture at such a rate that approximately 4 minutes are required to bring it 
to the boiling point, and boil for exactly 2 minutes. Add 100 cc. of cold, recently 
boiled, water. Filter immediately through asbestos, and determine the copper 
by one of the methods under 26 , 29 - 34 , respectively. Obtain the corresponding 
percentage of invert sugar from 37 . 
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37 Table 2.— Herzfeld’S Table.* 


For the determination of invert sugar in materials containing 1.6%, or less , of invert 
sugar and 98.5%, or more, of sucrose. 


COPPER 
REDUCED BT 

10 GRAMS 

OB MATERIAL 

INVERT SUGAR 

OPPER 
REDUCED BT 

10 GRAMS 

OP MATERIAL 

INVERT SUGAR 

COPPER 
REDUCED BT 

10 grams 

OP MATERIAL 

INVERT SUGAR 

mg. 


mg. 

per cent 

mg. 

mmgm 

50 

HGESfl 


0.51 

230 

msi 

55 


Ra 

0.53 

235 

aIei - 

60 

0.09 


0.56 

240 

1.07 

65 

0.11 

155 

0.59 

245 

aSH i 

70 

0.14 

160 

0.62 

250 


75 

0.16 

165 

0.65 

255 

* »Hil 

80 

0.19 

170 

0.68 

260 

i IBS 

85 

0.21 

175 

0.71 

265 


90 

0.24 

180 

0.74 

270 


95 

0.27 

185 

0.76 

275 

1.27 

100 

0.30 

190 

0.79 

280 


105 

0.32 

195 

0.82 

285 


110 

0.35 

200 

0.85 

290 


115 

0.38 

205 

0.88 

295 



0.40 

210 

0.90 

300 



0.43 

215 

0.93 

305 

1.44 


0.45 

220 

0.96 

310 

1.47 

135 

0.48 

225 

0.99 

315 

1.50 


Method II. 

(For materials containing 1.5% or more of invert sugar and 98.5% or less of sucrose.) 

38 REAGENTS. 

Same as described under 24. 


39 


DETERMINATION. 


Prepare a solution of the material to be examined in such a manner that it con- 
tains 20 grams in 100 cc. after clarification and removal of the excess of lead. Pre- 
pare a series of solutions in large test tubes by adding 1, 2, 3, 4, and 5 cc. of this 
solution to each tube successively. Add 5 cc. of the reagent to each, heat to boiling, 
boil 2 minutes, and filter. Note the volume of sugar solution which gives the fil- 
trate lightest in tint, but still distinctly blue. Place 20 times this vo ume of the 
sugar solution in a 100 cc. flask, dilute to the mark, and mix well. Use 50 cc. of the 
solution for the determination, which is conducted as described under 36. For the 
calculation of the result use the following formulas and table of factors of Meissl 
and Hiller: 

Let Cu «* the weight of copper obtained ; 

P =» the polarization of the sample; 

W ■» the weight of the sample in the 50 cc. of the solution used for the 
determination; 

F m the factor obtained from the table for the conversion of copper to 
invert sugar; 


Then 


Z X 


Cu 

2 

100 

W 


“Z, approximate weight of invert sugar; 
»Y, approximate per cent of invert sugar; 
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100P 
P+ Y 


R, approximate per cent of sucrose in mixture of sugars; 


100 


CuF 

w 


■ approximate per cent c 
per cent of invert sugar. 


The factor F for calculating copper to invert sugar is then found from 40 . 


40 Table 3. 

Meissl and Hiller’s 8 factors for determinations in materials in which , of the total 
sugars present , 1.5%, or more , is invert sugar , and 98.5%, or less , is sucrose. 


APPROXIMATE ABSOLUTE WEIGHT OF INVEST SUGAR (Z) 


TO INVERT 
SUGAR • r: X. 

200 

milligrams 

175 

milligrams 

150 

milligrams 

. I 25 

milligrams 

100 

milligrams 

75 

milligrams 

50 

milligrams 


per cent 

per cent 

per cent 

per cent 

per cent 

percent 

percent 

0:100 

56.4 

55.4 

54.5 

53.8 

53.2 

53.0 

53.0 

10:90 

56.3 

55.3 

54.4 

53.8 

53.2 

52.9 

52.9 

20:80 

56.2 

55.2 

54.3 

53.7 

53.2 

52.7 

52.7 

30:70 

56.1 

55.1 

54.2 

53.7 

63.2 

52.6 

52.6 

40:60 

55.9 

55.0 

54.1 

53.6 

53.1 

52.5 

52.4 

50:50 

55.7 

54.9 

54.0 

53.5 

53.1 

52.3 

52.2 

60:40 

55.6 

54.7 

53.8 

53.2 

52.8 

52.1 

51.9 

70:30 

55.5 

54.5 

53.5 

52.9 

52.5 

51.9 

51.0 

80:20 

55.4 

54.3 

53.3 

52.7 

52.2 

51.7 

51.3 

90: 10 

54.6 

53.6 

53.1 

52.6 

52.1 

51.8 

51.2 

91:9 

54.1 

53.6 

52 6 

52.1 

51.6 

51.2 

50.7 

92:8 

53.6 

53.1 

52.1 

51.6 

51.2 

50.7 

50.3 

93:7 

53.6 

53.1 

52.1 

51.2 

50.7 

50.3 

49.8 

94:6 

53.1 

52.6 

51.6 

50.7 

50.3 

49.8 

48.9 

95:5 

52.6 

52.1 

51.2 

50.3 

49.4 

48.9 

48.5 

96:4 

52.1 

51.2 

50.7 

49.8 

48.9 

47.7 

46.9 

97:3 

50.7 

50.3 

49.8 

48.9 

47.7 

46.2 

45.1 

98:2 

49.9 

48.9 

48.5 

47.3 

45.8 

43.3 

40.0 

99:1 

47.7 

47.3 

46.5 

45.1 

43.3 

41.2 

38.1 


Example: The polarization of a sugar is 86.4, and 50 cc. of solution containing 
3.256 grams of sample gave 0.290 gram of copper. 


Cu 

2 

Z X 100 


0.290 

2 

■ 0.145 X 


0.145 

100 


Z 

4.45 


W ' 3.256 

100 - R - 100—95.1 * I = 4.9 
R:I - 95.1:4.9 


Y 


By consulting the table it will be seen that the vertical column headed 150 is 
nearest to Z, 145, and the horizontal column headed 95: 5 is nearest to the ratio of 
R to I, 95.1 : 4.9. Where these columns meet, we find the factor 51.2 which enters 
into the final calculation : 


CuF 0.290 X 51.2 
W “ 3.256 


4.56 per cent of invert sugar. 


In case there is no sucrose present, the following table may be used instead of the 
factors given in 40. 
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Table 4.— Meissl’s Table.’ 

For the determination of invert sugar alone. 
[According to Wein.] 

[Expressed in milligrams.] 


COPPER 


90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 


INVERT 

SUGAR 


46.9 

47.4 

47.9 

48.4 

48.9 

49.5 
50 0 

50 5 

51 1 

51.6 

52.1 

52 7 

53 2 

53.7 

54 3 

54.8 

55.3 

55.9 

56.4 

56 9 

57 5 

58 0 

58.5 

59 1 

59.6 

60.1 

60.7 
61.2 

61.7 

62.3 

62.8 

63.3 

63.9 
64 4 

64.9 

65.5 
66.0 

66.5 

67.1 

67.6 

68.1 

68.7 

69.2 

69.7 

70.3 


COPPER 


135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 


INVERT 

SUGAR 


70.8 

71.3 

71.9 

72.4 

72.9 

73.5 

74 0 

74.5 

75.1 

75 6 

76.1 

76.7 

77.2 

77.8 
78 3 

78.9 

79.4 
80.0 

80.5 
81.0 

81.6 
82 1 

82 7 

83 2 

83.8 

84.3 

84 8 

85 4 

85.9 

86 5 

87.0 

87.6 
88.1 
88 6 
89.2 

89.7 
90 3 

90.8 

91.4 

91.9 

92.4 

93.0 

93.5 

94.1 

94.6 


COPPER 


180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 
201 
202 

203 

204 

205 

206 

207 

208 

209 

210 
211 
212 

213 

214 

215 

216 

217 

218 

219 

220 
221 
222 

223 

224 


INVERT 

SUGAR 


95.2 

95.7 

96.2 

96.8 

97.3 

97.8 

98.4 

99.0 

99.5 
100.1 

100 6 
101.2 

101.7 
102 3 

102 9 

103 4 

104 0 

104 6 

105.1 

105 7 

106.3 

106 8 
107 4 

107 9 

108 5 

109.1 

109 6 

110.2 

110 8 

111 3 

111.9 

112 5 

113 0 

113 6 

114 2 

114 7 

115 3 

115.8 

116 4 

117.0 

117.5 

118.1 

118.7 
119.2 

119.8 


COPPER 


225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 

266 

267 

268 
269 


INV ERT 
SUGAR 


120.4 
120.9 

121.5 
122.1 

122.6 

123.2 

123.8 

124.3 

124.9 

125.5 

126.0 

126.6 

127.2 

127.8 

128.3 

128.9 
129 5 

130.0 
130.6 

131.2 

131.8 

132.3 

132.9 

133.5 

134.1 

134.6 

135.2 
135 8 

136.3 

136.9 

137.5 

138.1 

138.6 

139.2 

139.8 

140.4 

140.9 

141.5 

142.1 

142.7 

143.2 

143.8 

144.4 

144.9 

145.5 
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41 Table 4.— Mbissl'B Table.— C ontinued. 


[Expressed in milligrams.} 


comm 

INYBBT 

SUGAB 

coreas 

INVBRT 

SUGAR 

1 

XNVBBT 

SUGAR 

COJPPKR 

imrsBT 

SUGAR 

270 

146.1 

310 

■PHI 

350 

193.8 

390 

218.7 

271 

146.7 

311 


351 

194.4 

391 

219.3 

272 

147.2 

312 

isBrliltfl 

352 

195.0 

392 

219.9 

273 

147.8 

313 

171.5 

353 

195.6 

393 

220.5 

274 

148.4 

314 

172.1 

354 

190.2 

394 

221.2 

275 

149.0 

315 

172.7 

355 

190.8 

395 

221.8 

270 

149.5 

316 

173.3 

350 

197.4 

396 

222.4 

277 

150.1 

317 

173.9 

357 

198.0 

397 

223.1 

278 

150.7 

318 

174.5 

358 

198.6 

398 

223.7 

279 

151.3 

319 

175.1 

359 

199.2 

399 

224.3 

280 

151.9 

320 

175.0 

300 

199.8 

400 

224.9 

281 

152.5 

321 

176.2 

361 

200.4 

401 

225.7 

282 

153.1 

322 

176.8 

362 

201.1 

402 

220.4 

283 

153.7 

323 

177.4 

363 

201.7 

403 

227.1 

284 

154.3 

324 

178.0 

364 

202.3 

404 

227.8 

285 

154.9 

325 

178.6 

305 

203.0 

405 

228.0 

286 

155.5 

326 

179.2 

366 

203.6 

406 

229.3 

287 

156.1 

327 

179.8 

307 

204.2 

407 

230.0 

288 

156.7 

328 

180.4 

368 

204.8 

408 

230.7 

289 

157.2 

329 

181.0 

360 

205.5 

409 

231.4 

290 

157.8 

330 

181.6 

370 

206.1 

410 

232.1 

291 

158.4 

331 

182.2 

371 

206.7 

411 

232.8 

292 

159.0 

332 

182.8 

372 

207.3 

412 

233.5 

293 

159.6 

333 

183.5 

373 

208.0 

413 

234.3 

294 

160.2 

334 

184.1 

374 

208.0 

414 

235.0 

295 

160.8 

335 

184.7 

375 

209.2 

415 

235.7 

296 

161.4 

336 

185.4 

370 

209.9 

416 

230.4 

297 

162.0 

337 

186.0 

377 

210.5 

417 

237.1 

298 

162.6 

338 

186.6 

378 

211.1 

418 

237.8 

299 

163.2 

339 

187.2 

379 

211.7 

419 

238.5 

300 

163.8 

340 

187.8 

380 

212.4 

420 

239.2 

301 

164.4 

341 

188.4 

381 

213.0 

421 

239.9 

302 

165.0 

342 

189.0 

382 

213.6 

422 

240.6 

303 

165.6 

343 

189.6 

383 

214.3 

423 

241.3 

304 

166.2 

344 

190.2 

384 

214.9 

424 

242.0 

305 

166.8 

345 

190.8 

385 

215.5 

425 

242.7 

306 

167.3 

346 

191.4 

380 

216.1 

426 

243.4 

307 

167.9 

347 

192.0 

387 

210.8 

427 

244.1 

308 

168.5 

348 

192.0 

388 

217.4 

428 

244.9 

309 

169.1 

349 

193.2 

389 

218.0 

429 

245.6 




| 



430 

246.3 


MALTOSE. 

42 General Gravimetric Method . — Tentative. 

Proceed as directed under 25 and obtain, from 27, the weight of maltose 
equivalent to the weight of copper reduced. 
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Wein Method. — Tentative. 

43 REAGENTS. 

The reagents and solutions used are described under 24. 

44 DETERMINATION. 

Place 50 cc. of the reagent in a beaker and heat to the boiling point. When 
boiling briskly, add 25 cc. of the maltose solution containing not more than 0.250 
gram of maltose and boil for 4 minutes. Filter immediately through asbestos and 
determine, by one of the methods given under 26, 29-34 respectively, the amount of 
copper reduced. 

Obtain, from 45, the weight of maltose equivalent to the weight of copper found. 


45 Table 5. 

For the determination of maltose . 


[According to Wein. 1 ] 

[Expressed in milligrams.] 
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Table 5.— Continued. 



For the determination of maltose. 



[Expressed in milligrams.] 



COPPICE 

CU- 

PROUS 

OXID 

MAL- 

TOSE 

COPPER 

CU- 

PROUS 

OXID 

MAL- 

TOSE 

COPPER 

CU- 

PROUS 

OXID 

MAL- 

TOSE 

COPPER 

CU- 

PROUS 

OXID 

MAL- 

TOSE 

191 

215.0 

168.1 

221 

248.7 

194.8 

251 

282.6 

221.7 

281 

316.4 

248.7 

192 

216.2 

169.0 

222 

249.9 

195.7 

252 

283 7 

222.6 

282 

317.5 

249.# 

193 

217.3 

169.8 

223 

251.0 

196.6 

253 

284.8 

223.5 

283 

318.6 

250.4 

194 

218.4 

170.7 

224 

252.4 

197.5 

254 

286.0 

224.4 

284 

319.7 

251.3 

195 

219.5 

171.6 

225 

253.3 

198.4 

255 

287.1 

225.3 

285 

320 9 

252.2 

196 

220.7 

172.5 

226 

254.4 

199.3 

256 

288.2 

226.2 

286 

322 0 

253.1 

197 

221.8 

173.4 

227 

255.6 

200.2 

257 

289.3 

227 1 

287 

823.1 

254.0 

198 

222.9 

174.3 

228 

256 7 

201.1 

258 

290.5 

228 0 

288 

324.2 

254.9 

199 

224.0 

175.2 

229 

257.8 

202 0 

259 

291 6 

228.9 

289 

325.4 

255.8 

200 

225.2 

176.1 

230 

258.9 

202.9 

260 

292.7 

229.8 

290 

326.5 

256.6 

201 

226.3 

177.0 

231 

260.1 

203.8 

261 

293.8 

230.7 

291 

327 4 

257.5 

202 

227.4 

177.9 

232 

261 2 

204.7 

262 

295.0 

231 6 

292 

328.7 

258.4 

203 

228.5 

178.7 

233 

262.3 

205.6 

263 

296.1 

232.5 

293 

329.9 

259.1 

204 

229.7 

179.6 

234 

263.4 

206.5 

264 

297.2 

233.4 

294 

331 0 

260.2 

205 

230.8 

180.5 

235 

264.6 

207.4 

265 

298.3 

234 3 

295 

332.1 

261.1 

206 

231.9 

181.4 

236 

265.7 

208.3 

266 

299 5 

235.2 

296 

333 2 

262.0 

207 

! 233 0 

182.3 

237 

266 8 

209 1 

267 

300.6 

236 1 

297 

334.4 

262.8 

208 

234 2 

183.2 

238 

268.0 

210 0 

268 

301 7 

237 0 

298 

335 5 

263.7 

209 

235.3 

184.1 

239 

269.1 

210.9 

269 

302 8 

237.9 

299 

336 6 

264.6 

210 

236.4 

185.0 

240 

270.2 

211.8 

270 

304.0 

238.8 

300 

337.8 

265.5 

211 

237.6 

185.9 

241 

271.3 

212.7 

271 

305.1 

239 7 




212 

238 7 

186.8 

242 

272.5 

213 6 

272 

308 2 

240.6 




213 

239.8 

187.7 

243 

273 6 

214.5 

273 

307.3 

241.5 




214 

240.9 

188.6 

244 

274.7 

215.4 

274 

308 5 

242.4 




215 

242.1 

189.5 

245 

275.8 

216.3 

275 

309 6 

243.3 




216 

243.2 

190.4 

246 

277.0 

217.2 

276 

310 7 

244 2 




217 

244.3 

191.2 

247 

278.1 

218.1 

277 

311.9 

245 1 




218 

245.4 

192.1 

248 

279.2 

219 0 

278 

313 0 

246.0 




219 

246.6 

193.0 

249 

280.3 

219.9 

279 

314.1 

246 9 




220 

247.7 

193.9 

250 

281.5 

220.8 

280 

315 2 

247.8 





LACTOSE. 

46 Oeneral Gravimetric Method . — Tentative. 

Proceed as directed under 25 and obtain, from 27, the weight of lactose 
equivalent to the weight of copper reduced. 

Soxhlet-Wein Method. — Official. 

47 REAGENTS. 

The reagents and solutions used are described under 24. 

48 DETERMINATION. 

Place 60 cc. of the reagent in a beaker and heat to the boiling point. When 
boiling briskly, add 100 cc. of the lactose solution containing not more than 0.'300 
gram of lactose and boil for 6 minutes. Filter immediately through asbestos and 
determine by one of the methods given under 26, 29-34 inclusive, the amount of 
copper reduced. Obtain, from 49, the weight of lactose equivalent to the weight of 
copper found. 
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Table 6. 

For the determination of lactose ( Soxhlel-Wein t ). 

[Expressed in milligrams. ] 
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DEXTROSE. 

50 Approximate Volumetric Method for Rapid Work.— Tentative. 

Proceed u directed under 21 . Standardise the reagent against pure dextrose. 

51 Soxhlet Method.— Tentative. 

Proceed as directed under 23 . Under these conditions 100 cc. of the reagent 

require 0.475 gram of anhydrous dextrose for complete reduction and the formula 

t 100X0.475 A tJ A 

becomes — - per cent of dextrose. 

vw 

52 General Gravimetric Method.— Tentative. 

Proceed as directed under 25 and obtain, from 27 , the weight of dextrose equiv- 
alent to the weight of copper reduced. 

Allihn Gravimetric Method.— Tentative. 

53 REAGENT. 

Allihn's Modification of Fekling’s Solution.— Prepare by mixing, immediately 
before use, equal volumes of (a) and (b). 

(a) Copper sulphate solution.— Dissolve 34.639 grams of copper sulphate 
(CuSOdSHsO) in water and dilute to 500 cc. 

(b) Alkaline tartrate solution.— Dissolve 173 grams of Rochelle salts and 125 
grams of potassium hydroxid in water and dilute to 500 cc. 

54 DETERMINATION. 

Place 30 cc. of the copper sulphate solution, 30 cc. of the alkaline tartrate solu- 
tion, and 60 cc. of water in a beaker and heat to boiling. Add 25 cc. of the solution 
of the material to be examined, prepared so as not to contain more than 0.25 gram 
of dextrose, and boil for exactly 2 minutes, keeping the beaker covered. Filter 
immediately through asbestos, and obtain the weight of copper by one of the methods 
given under 26 , 29-34 inclusive. The corresponding weight of dextrose is found 
in 55 . 
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55 

Table 7.— Allihn’s Table. 10 



For the determination of dextrose . 



[Expressed in milligrams.) 
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55 Table 7.— Aluhws Table.— C ontinued. 


PExprssssd in milligrams.] 


norm 

CU “ 

FROUS 

OMD 

DBX- 

TROSS 

COFPSS 

CU- 

PROUS 

OXJD 

DBX- 

TROSB 

COPPBS 

CU- 

PROUS 

OXZD 

DBX- 

TB08B 

GOPFBB 

CU- 

PROUS 

0\1» 

»BX- 

TROSB 

251 

282.6 

120.7 

306 

844.5 

159.8 

361 

406.4 

100.6 

416 

468.4 

222.2 

252 

283.7 

mu 


345.6 

160.4 

362 

407.6 

101.1 

417 

469.5 

222.8 

25 S 

284.8 

130.8 


346.8 

160.0 

363 

408.7 


418 

470.6 

223.3 

254 

285.0 

131.4 

309 

347.0 

161.5 

m 

■ i.'l.l 

mil 

410 

471.8 

223.9 

255 

287.1 

131.9 

310 


162.0 

865 

KIIiaJ 

|2| 

420 

472.0 

224.5 

256 

288.2 

132.4 

311 


162.6 

366 

412.1 

193.4 


474.0 

225.1 

257 

280.3 

mu 

312 

351.3 

163.1 

367 

413.2 

194.0 

■ ivl 

475.8 

225.7 

258 

200.5 

133.5 

313 

352.4 

163.7 

368 

414 3 

194.6 

mSm 

476.2 

226.3 

m 

201.6 

134.1 

314 

353.5 

164.2 

369 

415.4 

195.1 

424 

477 4 

238.9 

250 

202.7 

134.6 

315 

354.6 

164.8 

\mm 

416.6 

195.7 

425 

478.5 

227.5 

251 

203.8 

135.1 

316 

355.8 

165.3 

871 

417.7 


426 

479.6 

228.0 

m 

205.0 

135.7 

317 

356.0 

165 0 

372 

418.8 

f 'I.W.l 

427 

480.7 

228.6 

252 

206.1 

136.2 

818 

358.0 

166.4 

373 

420.0 

197.4 

428 

481.9 

229.2 

254 

207.2 

136.8 

319 

359.1 

mu 

374 

421.1 

198.0 

420 

483.0 

220.8 

255 

208.8 

137.8 

320 

360.3 

167.5 

375 

422.2 

198.6 

430 

484.1 

230.4 

251 

209.6 

137.8 

321 

361.4 

168.1 

376 

423.3 

199.1 

431 

485 3 

231.0 

257 

300.6 

138.4 

322 

362.5 

168.6 

377 

424.5 

199.7 

432 

486 4 

231.6 

258 

801.7 

138.0 

823 

363.7 

169 2 

378 

425.6 

200.3 

433 

487.5 

232.2 

255 

802.8 

130.5 

324 

364.8 

169.7 

379 

426.7 

200.8 

434 

488 6 

232.8 

270 

304.0 

140.0 

325 

365.0 

170.3 

380 

427.8 

201.4 

435 

489.7 

233.4 

271 

805.1 

140.6 

326 

867.0 

170.2 

381 

429.0 

WW 1 

436 

490.9 

233.9 

272 

806.2 

141.1 

327 

368.2 

171.4 

382 

430.1 

mtiii 

437 

492.0 

234.6 

272 

807.3 

141.7 

328 

360.3 

172.0 

383 

431 2 

203.1 

438 

493.1 

235.1 

274 

808.5 

142.2 

329 

370.4 

172.5 

384 

432.3 

203 7 

439 

494.3 

235.7 

275 

800.6 

142.8 

330 

371.5 

173.1 

385 

433.5 

204.3 

440 

405.4 

236.3 

275 

310.7 

143.3 

331 

372.7 

173.7 

386 

434.6 

204.8 

441 

fTH 

236.0 

277 

311.0 

143.0 

332 

373.8 

174.2 

387 

435.7 

205.4 

442 


237.5 

278 

813.0 

144.4 

333 

374.0 

174.8 

388 

436.8 

206.0 

443 

498 8 

238.1 

270 

314 1 

145.0 

•334 

376.0 

175.3 

389 

438.0 

208 5 

444 

499 9 

238.7 

280 

815.2 

145.5 

335 

377.2 

175.0 


439.1 

207.1 

445 

501.0 

239.8 

281 

316.4 

146.1 

336 

378.3 

176 5 

391 

440.2 

207.7 

446 

502.1 

239.8 

282 

317.5 

146.6 

337 

■Ml 

177.0 

392 

441.3 

wiliU 

447 

503.2 

240.4 

282 

818.6 

147.2 

338 

380.5 

177.6 

393 

442.4 


448 

504 4 

241.0 

284 

810.7 

147.7 

339 

381.7 

178.1 

394 

443.6 


449 

505 5 

241.6 

285 

320.9 

148.3 

340 

382.8 

178.7 

395 

444.7 


450 

506 6 

242.2 

288 

322.0 

148.8 

341 

383.9 

170.3 

396 

445 0 

210.6 

451 

507.8 

242.8 

287 

323 1 

140.4 

342 

385.0 

170 8 

397 

447.0 

211. 2 

452 

508 9 

243.4 

288 

324.2 

140.0 

343 

386.2 

180.4 

398 

448.1 

211.7 

453 

510 0 

244.0 

280 

825.4 

150.5 

844 

387.3 

180.0 

399 

449.2 

212 3 

454 

511.1 

244.6 

. 200 

826.5 

wm 

345 

388.4 

181.5 

400 

450.3 

212.0 

455 

512.3 

245.2 

201 

327.4 

151.6 

346 

389.6 

182.1 

401 

451.5 

213.5 

456 

513.4 

245.7 

202 

328.7 

152.1 

347 

390.7 

182.6 

402 

452.6 

214.1 

457 

514.5 

246.3 

208 

820.0 

152.7 

348 

391.8 

183.2 

403 

453.7 

214.8 

458 

615.8 

246.9 

204 

331.0 

153.2 

349 

302.0 

183.7 

404 

454.8 

215.2 

450 

616.8 

247.5 

205 

832.1 

153.8 

350 

394.0 

184.3 

405 

456.0 

215.8 

460 

617.9 

248.1 

205 

333.3 

154.3 

351 

KBfll 

184.9 

406 

457.1 

216.4 

461 

519.0 

248.7 

207 

334.4 

154.0 

852 

396.3 

185.4 

407 

458.2 

217.0 

462 

520.1 

240.8 

208 

335.6 

155.4 

353 

307.4 

186.0 

40 S 

459.4 

217.5 

463 

521.3 

249.0 

200 

336.6 

156 0 

854 

398 6 

186.6 

409 

460.5 

218.1 




800 

837.8 

156.5 

355 

399.7 

187.2 

410 

461.6 

218.7 




801 

338.0 

157.1 

856 

400.8 

187.7 

411 

462.7 

210.3 




802 

340.0 

157.6 

357 

401.9 

188.3 

412 

463.8 

219.9 




803 

841.1 

158.2 

358 

403 1 

188.9 

413 

wmm 

220 4 




804 

842 3 

158.7 

359 

404.2 

180.4 

414 

466.1 

221.0 




805 

343.4 

159.3 

360 

405.3 

190.0 

415 

467.2 

221.6 
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50 REDUCING SUGARS OTHER THAN DEXTROSE. 

Proceed as directed under 54 and multiply the weight of dextrose found in 55 
by the following factors: 

Le vulose, 1.093; 

Invert sugar, 1.046; 

Arabinose, 0.969; 

Xylose, 1.017; 

Galactose, 1.114. 

Total Sugars. 11 

(Applicable to cattle foods.) 

57 PREPARATION OF SOLUTION. 

Place 12 grams of the material in a 300 cc. graduated flask, if the substance has an 
acid reaction add 1-3 grams of calcium carbonate, and boil on a steam bath for 1 hour 
with 150 cc. of 50% alcohol by volume, using a small funnel in the neck of the flask 
to condense the vapor. Cool, and allow the mixture to stand several hours, prefer- 
ably overnight. Make up to volume with neutral 95% alcohol, mix thoroughly, 
allow to settle, transfer 200 cc. to a beaker with a pipette, and evaporate on a steam 
bath to a volume of 20-30 cc. 

Do not evaporate to dryness, a little alcohol in the residue doing no harm. Trans- 
fer to a 100 cc. graduated flask, and rinse the beaker thoroughly with water, adding 
the rinsings to the contents of the flask. Add enough saturated neutral lead acetate 
solution to produce a flocculent precipitate, shake thoroughly and allow to stand 15 
minutes. Make up to the mark with water, mix thoroughly, and filter through a 
dry filter. Add sufficient anhydrous sodium carbonate to the filtrate to precipitate 
all the lead, again filter through a dry paper and test the filtrate with a little anhy- 
drous sodium carbonate to make sure that all the lead has been removed. 

58 DETERMINATION OF REDUCING SUGARS. 

Proceed as directed under 26 or 29-34 respectively, employing the Soxhlet 
modification of Fehling’s solution and using 25 cc. of the solution (representing 2 
grams of the sample), prepared as directed in 57. Express the results as dextrose 
or invert sugar. 

59 SUCROSE. 

Introduce 50 cc. of the solution, prepared as directed in 57, into a 100 cc. gradu- 
ated flask, add a piece of litmus paper, neutralize with acetic acid, add 5 cc. of con- 
centrated hydrochloric acid and allow the inversion to proceed at room temperature 
as directed under 14 or 16. When inversion is complete, transfer the solution to a 
beaker, neutralize with sodium carbonate, return the solution to the 100 cc. flask, 
dilute to the mark with water, filter if necessary and determine reducing sugars in 
50 cc. of the solution (representing 2 grams of the sample) as directed in 58, and 
calculate the results as invert sugar. Subtract the per cent of reducing sugars be- 
fore inversion from the per cent of total sugar after inversion, both calculated as 
invert sugar, and multiply the difference by 0.95 to obtain the per cent of sucrose 
present. 

Since the insoluble material of grain or cattle food occupies some space in the 
flask as originally made up, it is necessary to correct for this volume. Results 
of a large number of determinations on various materials have shown the average 
volume of 12 grams of material to be 9 cc., and therefore to obtain the true amount 
of sugars present all results must be multiplied by the factor 0.97. 
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STARCH. 

60 Direct Add Hydrolysis ( Modified Sachsse Method). — Official . 

(In this method there will be included as starch the pentosans and other carbo- 
hydrate bodies present which undergo hydrolysis and conversion into reducing 
sugars on boiling with hydrochloric acid.) 

Stir a quantity of the sample, representing 2.5-3 grams of the dry material, in a 
beaker with 50 cc. of cold water for an hour. Transfer to a filter and wash with 
250 cc. of cold water. Heat the insoluble residue for 2£ hours with 200 cc. of water 
and 20 cc. of hydrochloric acid (sp. gr. 1.125) in a flask provided with a reflux con- 
denser. Cool, and nearly neutralize with sodium hydroxid. Complete the volume 
to 250 cc., filter, and determine the dextrose in an aliquot of the filtrate as directed 
under 52 or 54. The weight of the dextrose obtained multiplied by 0.90 gives the 
weight of starch. 

The factor 0.9 is the theoretical ratio between starch and glucose but, according 
to Noyes 1 * and other investigators, the factor 0.93 more nearly approaches the actual 
yield. 

Diastase Method with Subsequent Acid Hydrolysis. — Tentative. 

61 REAGENT. 

Malt extract. — Digest 10 grams of fresh, finely ground malt for 2-3 hours at or- 
dinary temperature with 200 cc. of water and filter. Determine the amount of dex- 
trose in a given quantity of the filtrate after boiling with acid, etc., as in the starch 
determination, and make the proper correction in the subsequent determination. 

62 DETERMINATION. 

Extract a convenient quantity of the substance (ground to an impalpable powder 
and representing 4-5 grams of the dry material) on a hardened filter with 5 successive 
portions of 10 cc. of ether; wash with 150 cc. of 10% alcohol and then with a little strong 
alcohol. Place the residue in a beaker with 50 cc. of water, immerse the beaker in boil- 
ing water, and stir constantly for 15 minutes or until all the starch is gelatinized ; cool 
to 55°C., add 20 cc. of malt extract, and maintain at this temperature for an hour. 
Heat again to boiling for a few minutes, cool to 55°C., add 20 cc. of malt extract, and 
maintain at this temperature for an hour or until the residue treated with iod in shows 
no blue color upon microscopic examination. Cool, make up directly to 250 cc., and 
filter. Place 200 cc. of the filtrate in a flask with 20 cc. of hydrochloric acid (sp. gr. 
1.125) ; connect with a reflux condenser and heat in a boiling water bath for 2£ hours. 
Cool, nearly neutralize with sodium hydroxid solution, finish the neutralization 
with sodium carbonate solution, and make up to 500 cc. Mix the solution well, pour 
through a dry filter, and determine the dextrose in an aliquot as directed under 
52 or 54. Conduct a blank determination upon the same volume of the malt 
extract as used upon the sample and correct the weight of reduced copper accord- 
ingly. The weight of the dextrose obtained multiplied by 0.90 gives the weight of 
starch. 

PENTOSANS.— TENTATIVE. 

63 REAGENT. 

Phloroglucin . — Dissolve a small quantity of the phloroglucin in a few drops of 
acetic anhydrid, heat almost to boiling, and add a few drops of concentrated sul- 
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phuric acid. A violet color indicates the presence of diresorcin. A phloroglucin 
which gives more than a faint coloration may be purified by the following method: 

Heat in a beaker about 300 cc. of hyd ©chloric acid (sp. gr. 1.06) and 11 grams of 
# commercial phloroglucin, added in small quantities at a time, stirring constantly 
until it has almost entirely dissolved. Pour the hot solution into a sufficient quan- 
tity of the same hydrochloric acid (cold) to make the volume 1500 cc. Allow it 
to stand at least overnight, preferably several days, to permit the diesorcin to 
crystallize ou\ Filter immediately before using. A yellow tint does not inter- 
fere with its usefulness. In using it, add the volume containing the required amount 
to the distillate. 

64 DETERMINATION. 

Place a quantity of the material, 2-5 grams, chosen so that the weight of phloro- 
glucid obtained shall not exceed 0.300 gram, in a 300 cc. distillation flask, together 
with 100 cc. of 12% hydrochloric acid (sp. gr. 1.06), and several pieces of recently 
heated pumice stone. Place the flask on a wire gauze, connect with a condenser, 
and heat, rather gently at first, and regulate so as to distil over 30 cc. in about 10 
minutes, the distillate passing through a small filter paper. Rep ace the 30 cc. 
distilled by a like quantity of the dilute acid, added by means of a separatory funnel 
in such a manner as to wash down the particles adhering to the sides of the flask, and 
continue the process until the distillate amounts to 360 cc. To the total distillate 
add gradually a quantity of phloroglucin dissolved in 12% hydrochloric acid and 
stir thoroughly the resulting mixture. The amount of phloroglucin used should be 
about double that of the furfural expected. The solution turns first yellow, then 
green, and very soon an amorphous greenish precipitate appears, which grows 
darker rapidly, till it becomes finally almost black. Make the solution up to 400 
cc. with 12% hydrochloric acid, and allow to stand overnight. 

Filter the amorphous black precipitate into a tared Gooch crucible through an 
asbestos mat, wash carefully with 150 cc. of water in such a way that the water is 
not entirely removed from the crucible until the very last, then dry for 4 hours at 
the temperature of boiling water, cool and weigh in a weighing bottle, the increase 
in weight being reckoned as furfural phloroglucid. To calculate the furfural, pen- 
tose, or pentosan from the phloroglucid, use the following formulas given by Krober: 

(1) For a weight of phloroglucid, designated by “a” in the following formulas, 
under 0.03 gram, 

Furfural - (a + 0.0052) X 0 5170. 

Pentoses = (a + 0.0052) X 1 0170. 

Pentosans = (a + 0.0052) X 0.8949. 

In the above and also in the following formulas, the factor 0.0052 represents the 
weight of phloroglucid which remains dissolved i i the 490 cc. of acid solution. 

(2) For a weight of phloroglucid “a” over 0.300 gram, 

Furfural * (a + 0.0052) X 0 5180. 

Pentoses = (a + 0.0052) X 1 0026. 

Pentosans = (a -f 0.0052) X 0.8S24. 

For a weight of phloroglucid “a” betveon 0.03 and 0.300 gram use Krdber’s 
table, 65, or the following formulas in which the factors were calculated from 
Krober’s tables by C. A. Browne, ls 

Furfural = (a + 0.0052) X 0 5185. 

Pentoses = (a + 0.0052) X 1.0075. 

Pentosans - (a + 0.0052) X 0.8866. 
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65 Table 8.— Krober’b Table. 14 

For Determining Pentoses and Pentosans. 

[Expressed in grams.} 


FURFURAL 

PHLOBOULUCID 

FURFURAL 

ARABINOSB 

A BAB AN 

XYLO0R 

XYLAN 

PXNTOBR 

FSNTOSAN 

■m 

0.0182 

MHI 

EH 

0.0324 

0.0285 


0.0316 


0.0188 

I'nYrrl 

|k] 

0.0333 

0.0293 


0.0324 


0.0193 



0.0342 


0.0378 

0.0333 


0.0198 

0.0424 


0.0352 

BiVA tI 

0.0388 

0.0341 

0.034 

0.0203 

0.0435 

0.0383 

0.0361 

ka£jJ1 

0.0398 

0.0350 

0.036 


0.0446 

0.0393 

0.0370 

0.0326 

0.0408 

0.0359 

0.036 

0.0214 

0.0457 

0.0402 

0.0379 

0.0334 

0.0418 

0.0368 

0.037 

0.0219 

0.0468 

0.0412 

0.0388 

0.0342 

0.0428 

0.0377 

0.038 

0.0224 

0.0479 

0.0422 

0.0398 


0.0439 

0.0386 

0.039 

0.0229 

0.0490 

0.0431 

0.0407 


0.0449 

0.0395 

0.040 

0.0235 

0.0501 

0.0441 

0.0416 


0.0459 

0.0404 

0.041 

0.0240 

0.0512 

0.0451 

0.0425 

Bill Avil 

0.0469 

0.0413 

0.042 

0.0245 

0.0523 

0.0460 

0.0434 

0.0382 

0.0479 

0.0422 

0.043 

0.0250 

0.0534 

0.0470 

0.0443 

0.0390 

0.0489 

0.0431 

0.044 

0.0255 

0.0545 

0.0480 

0.0452 

0.0398 

0.0499 

0.0440 

0.045 

0.0260 

0.0556 

0.0490 

0.0462 

0.0406 

0.0609 

0.0448 

0.046 

0.0206 

0.0567 

0.0499 

0.0471 

0.0414 

0.0519 

0.0457 

0.047 

0.0271 

0.0578 

0.0509 

0.0480 

0.0422 

0.0529 

0.0466 

0.048 

0.0276 

0.0589 

0.0519 

0.0489 

0.0430 

0.0539 

0.0476 

0.049 

0.0281 

0.0600 

0.0528 

0.0498 

0.0438 

0.0549 

0.0484 

0.050 

0.0286 

0.0611 

0.0538 

0.0507 

0.0446 

0.0559 

0.0492 

0.051 

0.0292 

0.0622 

0.0548 

0.0516 

0.0454 

0.0569 

0.0501 

0.052 

0.0297 

0.0633 

0.0557 

0.0525 

0.0462 

0.0579 

0.0510 

0.053 

0.0302 

0.0044 

0.0567 

0.0534 

0.0470 

0.0589 

0.0519 

0.054 

0.0307 

0.0655 

0.0576 

0.0543 

0.0478 

0.0599 

0.0528 

0.055 

0.0312 

0.0666 

0.0586 

0.0553 

0.0486 

0.0610 

0.0537 

0.066 

0.0318 

0.0677 

0.0596 

0.0562 

0.0494 

0.0620 

0.0546 

0.057 

0.0323 

0.0688 

0.0605 

0.0571 

0.0502 

0.0630 

0.0555 

0.058 

0.0328 

0.0699 

0.0615 

0.0,580 

0.0510 

0.0640 

0.0564 

0.059 

0.0333 

0.0710 

0.0624 

0.0589 

0.0518 

0.0650 

0.0573 

0.060 

0.0338 

0.0721 

0.0634 

0.0598 

0.0526 

0.0660 

0.0581 

0.061 

0.0344 

0.0732 

0.0644 

0.0007 

0.0534 

0.0670 

0.0590 

0.002 

0.0349 

0.0743 

0.0653 

0.0616 

0.0542 

0.0680 

0.0599 

0.063 

0.0354 

0.0754 

0.0663 

0.0626 

0.0550 

0.0690 

0.0608 

0.064 

0.0359 

0.0765 

0.0673 

0.0635 

0.0558 

0.0700 

0.0617 

0.065 

0.0364 

0.0776 

0.0683 

0.0644 

0.0567 

0.0710 

0.0625 

0.066 

0.0370 

0.0787 

0.0692 

0.0653 j 

0.0575 

0.0720 

0.0634 

0.067 

0.0375 

0.0798 

0.0702 

0.0662 

0.0583 

0.0730 

0.0643 

0.068 

0.0380 

0.0809 

0.0712* 

0.0672 

0.0591 

0.0741 

0.0652 

0.069 

0.0385 

0.0820 

0.0721 

0.0681 

0.0599 

0.0751 

0.0661 

0.070 

0.0390 

0.0831 

0.0731 

0.0690 

0.0607 

0.0761 

0.0670 

0.071 

0.0396 

0.0842 

0.0741 

0.0099 

0.0615 

0.0771 

0.0079 

0.072 

0.0401 

0.0853 

0.0750 

0.0708 

0.0623 

0.0781 

0.0688 

0.073 

0.0406 

0,0864 

0.0760 

0.0717 

0.0631 

0.0791 

0.0097 

0.074 

0.0411 

0.0875 

0.0770 

0.0726 

0.0639 

0.0801 

0.0706 













FOODS AND FEEDING STUFFS 


55 


vm] 

65 Table 8.— Krober’b Table.— C ontinued. 

[Expressed in grams.) 


FURFURAL 

PHLOROOLUC1D 

FURFURAL 

ARABINOBE 

ABABAN 

XYLOSE 

XYLAN 

PENTOSE 

PENTOSAN 

0.075 

0.0416 

0.0886 



0.0647 

0.0811 

0.0714 

0.076 

0.0422 

0.0897 


0.0745 

0.0655 

0.0821 

0.0722 


0.0427 

0.0908 

0.0799 

0.0754 

0.0663 

0.0831 

0.0731 

0.078 

0.0432 

0.0919 

0.0809 

0.0763 

0.0671 

0.0841 

0.0740 

0.079 

0.0437 

0.0930 

0.0818 

0.0772 

0.0679 

0.0851 

0.0749 

0.080 

0.0442 

0.0941 

0.0828 

0.0781 

0.0687 

0.0861 

0.0758 

0.081 

0.0448 

0.0952 

0.0838 

0.0790 


0.0871 

0.0767 

0.082 

0.0453 

0.0963 

0.0847 

0.0799 


0.0881 

0.0776 

0.083 

0.0458 

0.0974 

0.0857 


0.0711 

0.0891 

0.0785 

0.084 

0.0463 

0.0985 

0.0867 

0,0817 

0.0719 

0.0901 

0.0794 

0.085 

0.0468 

0.0996 

0.0877 

0.0827 

0.0727 

0.0912 

B 

0.086 

0.0474 

0.1007 

0.0886 

0.0836 

0.0735 

0.0922 

wXrfrfl 

0.087 

0.0479 

0.1018 

0.0896 

0.0845 

0.0743 

0.0932 


0.088 

0.0484 

0.1029 

0.0906 

0.0854 

0.0751 

0.0942 

0.0830 

0.089 

0.0489 

0.1040 

0.0915 

0.0863 

0.0759 

0.0952 

0.0838 

0.090 

0.0494 

0.1051 

0.0925 

0.0872 

0.0767 

0.0962 


0.091 

0.0499 

0.1062 

0.0935 

0.0881 

0.0775 

0.0972 


0.092 

0.0505 

0.1073 

0.0944 

0.0890 

0.0783 

0.0982 

I'Xv vfl 

0.093 

0.0510 

0.1084 

0.0954 



0.0992 

BiYiTiffa 

0.094 

0.0515 

0.1095 

0.0964 


0.0800 

0.1002 

0.0883 

0.095 

VM 

0.1106 

0.0974 

0.0918 

0.0808 

0.1012 


0.096 

i 

0.1117 

0.0983 

0.0927 

0.0816 

0.1022 


0.097 

Ml 

0.1128 

0.0993 


0.0824 

0.1032 

0.0908 

0.098 

0.0536 

0.1139 

0.1003 

0.0946 

0.0832 



0.099 

0.0541 

0.1150 

0.1012 

0.0955 

0.0840 

0.1053 


0.100 

0.0546 

0.1161 

0.1022 

0.0964 

0.0848 

0.1063 

0.0935 

0.101 

0.0551 

0.1171 

0.1032 

0.0973 

0.0856 

0.1073 

0.0944 

0.102 

0.0557 

0.1182 

0.1041 

0.0982 

0.0864 

0.1083 


0.103 

0.0562 

0.1193 

0.1051 

0.0991 

0.0872 

0.1093 

m 

0.104 

0.0567 

0.1204 

0.1060 

0.1000 

0.0880 

0.1103 

KB 

0.105 

0.0572 

0.1215 

0.1070 

0.1010 

0.0888 

0.1113 

0.0979 

0.106 

0.0577 

0.1226 

0.1080 

0.1019 

0.0896 

0.1123 

0.0988 

0.107 

0.0582 

0.1237 

0.1089 

0.1028 

0.0904 

0.1133 

■ni 

0.108 

0.0588 

0.1248 

0.1099 

0.1037 

0.0912 

0.1143 


0.109 

0.0593 

0.1259 

0.1108 

0.1046 

0.0920 

0.1153 

KB 

0.110 

0.0598 

0.1270 

0.1118 

0.1055 

0.0928 

0.1163 

0.1023 

0.111 

0.0603 

0.1281 

0.1128 

0.1064 

0.0936 

0.1173 


0.112 

0.0608 

0.1292 

0.1137 

0.1073 

0.0944 

0.1183 

Mm 

0.113 

0.0614 

0.1303 

0.1147 

0.1082 

0.0952 

0.1193 


0.114 

0.0619 

0.1314 

0.1156 

0.1091 

0.0960 

0.1203 

KB 

0.115 

0.0624 

0.1325 

0.1166 

0.1101 

0.0968 

0.1213 

0.1067 

0.116 

0.0629 

0.1336 

0.1176 

0.1110 

0.0976 

0.1223 

0.1076 

0.117 

0.0634 

0.1347 

0.1185 

0.1119 

0.0984 

0.1233 

0.1085 

0.118 

0.0640 

0.1358 

0.1195 

0.1128 

0.0992 

0.1243 

0.1094 

0.119 

0.0645 

0.1369 

0.1204 

0.1137 

0.1000 

0.1253 

0.1103 
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Table 8.— KrSber-s Table — Continued. 
(Expressed In grams.] 


FURFURAL 

PBLOBOOLUCID 

FURFURAL 

ARABINOSB 

ARABAN 

XTLOSB 

XTLAN 

PBNTOSB 

PKNTOSAN 

0.120 


0.1380 

0.1214 

0.1146 

0.1008 

0.1263 

0.1111 

0.121 

0.0655 

0.1391 

0.1224 

0.1155 

0.1016 


0.1120 

0.122 

0.0660 

HWeTiTl 

0.1233 

0.1164 

0.1024 

0.1283 

0.1129 

0.123 

0.0665 


0.1243 

0.1173 

0.1032 

0.1293 

0.1138 

0.124 

0.0671 

0.1424 

0.1253 

0.1182 

0.1040 

0.1303 

0.1147 

0.125 

0.0676 

0.1435 

0.1263 

0.1192 

0.1049 

0.1314 

0.1156 

0.126 

0.0681 

0.1446 

0.1272 

0.1201 

0.1057 

0.1324 

0.1165 

0.127 

0.0686 

0.1457 

0.1282 

0.1210 

0.1065 

0.1334 

0.1174 

0.128 

0.0691 

0.1468 

0.1292 

0.1219 

0.1073 

0.1344 

0.1183 

0.129 

0.0697 

0.1479 

0.1301 

0.1228 

0.1081 

0.1354 

0.1192 

0.130 

0.0702 

0.1490 

0.1311 

0.1237 

0.1089 

0.1364 

0.1201 

0.131 

0.0707 

0.1501 

0.1321 

0.1246 

0.1097 

0.1374 

0.1210 

0.132 

0.0712 

0.1512 

0.1330 

0,1255 

0.1105 

0.1384 

0.1219 

0.133 

0.0717 

0.1523 

0.1340 

0.1264 

0.1113 

0.1394 

0.1227 

0.134 

0.0723 

0.1534 

0.1350 

0.1273 

0.1121 

0.1404 

0.1236 

0.135 

0.0728 

0.1545 

0.1360 

0.1283 

0.1129 

0.1414 

0.1244 

0.136 

0.0733 

0.1556 

0.1369 

0.1292 

0.1137 

0.1424 

0.1253 

0.137 

0.0738 

0.1567 

0.1379 

BE 31 

0.1145 

0.1434 

0.1262 

0.138 

0.0743 

0.1578 

0.1389 

EXEl!] 

0.1153 

0.1444 

0.1271 

0.139 

0.0748 

0.1589 

0.1398 

0.1319 

0.1161 

0.1454 

0.1280 

0.140 

0.0754 

0.1600 

0.1408 

0.1328 

0.1169 

0.1464 

0.1288 

0.141 

0.0759 

0.1611 

0.1418 

0.1337 

0.1177 

0.1474 

0.1297 

0.142 

0.0764 

0.1622 

0.1427 

0.1346 

0.1185 

0.1484 

0.1306 

0.143 

0.0769 

0.1633 

0.1437 

0.1355 

0.1193 

0.1494 

0.1315 

0.144 

0.0774 

0.1644 

0.1447 

0.1364 

0.1201 

0.1504 

0.1324 

0.145 

0.0780 

0.1655 

0.1457 

0.1374 

0.1209 

0.1515 

0.1333 

0.146 

0.0785 

0.1666 

0.1466 

0.1383 

0.1217 

0.1525 

0.1342 

0.147 

0.0790 

0.1677 

0.1476 

0.1392 

0.1225 

0.1535 

0.1351 

0.148 

0.0795 

0.1688 

0.1486 

0.1401 

0.1233 

0.1545 

0.1360 

0.149 

0.0800 

0.1699 

0.1495 

0.1410 

0.1241 

0.1555 

0.1369 

0.150 

0.0805 

0.1710 

0.1505 

0.1419 

0.1249 

0.1565 

0.1377 

0.151 


0.1721 

0.1515 

0.1428 

9.1257 

0.1575 

0.1386 

0.152 

0.0816 

0.1732 

0.1524 

0.1437 

0.1265 

0.1585 

0.1395 

0.153 

0.0821 

0.1743 

0.1534 

0.1446 

0.1273 

0.1595 

0.1404 

0.154 

0.0826 

0.1754 

0.1544 

0.1455 

0.1281 

0.1605 

0.1413 

0.155 

0.0831 

0.1765 

0.1554 

0.1465 

0.1289 

0.1615 

0.1421 

0.156 

0.0837 

0.1776 

0.1563 

0.1474 

0.1297 

0.1625 

0.1430 

0.157 

0.0842 

0.1787 

0.1573 

0.1483 

0.1305 

0.1635 

0.1439 

0.158 

0.0847 

0.1798 

0.1583 

0.1492 

0.1313 

0.1645 

0.1448 

0.159 

0.0852 

0.1809 

0.1592 

0.1501 

0.1321 

0.1655 

0.1457 

0.160 

0.0857 

0.1820 

0.1602 

0.1510 

0.1329 

0.1665 

0.1465 

0.161 

0.0863 

0.1831 

0.1612 

0.1519 

0.1337 

0.1675 

0.1474 

0.162 

0.0868 

0.1842 

0.1621 

0.1528 

0.1345 

0.1685 

0.1483 

0.163 

0.0873 

0.1853 

0.1631 

0.1537 

0.1353 

0.1695 

0.1492 

0.164 

0.0878 

0.1864 

0.1640 

0.1546 

0.1361 

0.1705 

0.1501 















vm] 


POODS AND FEEDING STUFFS 


57 


65 Table 8.— Kr6ber’S Table.— C ontinued. 

[Expressed in grams.) 


FURFURAL 

PHLOROGLUCID 

FURFURAL 

ARABINOSE 

ARABAN 

XYLOSE 

XTLAN 

PENTODE 

PENTOSAN 

0.165 

0.0883 

0.1875 


0.1556 

0.1369 


■■1 

0.166 

0.0888 

0.1886 


0.1565 

0.1377 

mm3 

liiiul 

0.167 


0.1897 

0.1669 

0.1574 

0.1385 

0.1736 

0.1528 

0.168 

li¥t|; tI 

0.1908 


0.1583 

0.1393 

0.1746 

0.1537 

0.169 

■ 

0.1919 


0.1592 

0.1401 

0.1756 

0.1546 

0.170 

1 

0.1930 

0.1698 

0.1601 

0.1409 

0.1766 

HI III 

0.171 

Wat rf 

0.1941 


0.1610 

0.1417 

m rJTjl 

■ U Mi 

0.172 

Mill’ uil 

0.1952 


0.1619 

0.1425 

Bit SIS 1 

U w 1 

0.173 

vXv 41 

0.1963 

0.1727 

0.1628 

0.1433 

liil ftfi 

Hi «i:\l 

0.174 


0.1974 

0.1736 

0,1637 

0,1441 

0.1806 

0.1590 

0.175 


0 1985 


0.1647 

0.1449 

0.1816 

0.1598 

0.176 


0.1996 

0.1756 

0.1656 

0.1457 

0.1826 

0.1607 

0.177 

0.0946 

0 2007 

■ ijb n $1 

0.1665 

0.1465 

0.1836 

0.1616 

0.178 

0.0951 

0 2018 

H] I '| is 

0.1674 

0.1473 

0.1846 

0.1625 

0.179 

0.0956 

0.2029 

Bill 

0.1683 

0.1481 

0.1856 

0.1634 

0.180 

0.0961 

0.2039 

0.1794 

0.1692 

0.1489 

0.1866 

0.1642 

0.181 


0.2050 


0.1701 

0.1497 

0.1876 

0.1651 

0.182 

0.0971 

0 2061 


0.1710 

0.1505 

0.1886 

0.1660 

0.183 

HlVMfl 

0.2072 

0.1823 


0.1513 

0.1896 

0.1669 

0.184 

1 

0.2082 



0.1521 

0.1906 

0.1678 

0.185 

BPlil 

0.2093 

0.1842 

0.1738 

0 1529 

0.1916 

0.1686 

0.186 


0.2104 

■ii 


0.1537 

0.1926 

0.1695 

0.187 

BItIi ■ 

0 2115 

HI mil 

0.1756 

0.1545 

0.1936 

0.1704 

0.188 

ummi 

0.2126 

lil Sil 

0.1765 

0.1553 

0.1946 

0.1712 

0.189 

BimJ 

0.2136 

0.1880 

0.1774 

0.1561 

0.1955 

0.1721 

0.190 

0 1013 

0.2147 

0 1889 

0.1783 

0.1569 

0.1965 

0.1729 

0.191 

0 1018 

0.2158 

0.1899 

0.1792 

0.1577 

0.1075 

0 1738 

0.192 

0.1023 

0.2168 

0.1908 

0.1801 

0.1585 

0.1985 

0.1747 

0.193 


0.2179 

0 1918 

0.1810 

0.1593 

0 1995 

0.1756 

0.194 


0 2190 

0.1927 

0.1819 

0.1601 

0.2005 

0.1764 

0.195 

0.1039 

0.2201 

0.1937 

0.1829 

0.1609 

0.2015 

0.1773 

0.196 

0.1044 

0.2212 

0.1946 

0.1838 

0.1617 

0.2025 

0.1782 

0.197 

0.1049 

0 2222 

0.1956 

0.1847 

0.1625 

0.2035 

0.1791 

0.198 

0.1054 

0.2233 

0.1965 

0.1856 

0.1633 

0.2045 

0.1800 

0.199 

0.1059 

0.2244 

0.1975 

0.1865 

0.1641 

0.2055 

0.1808 

0.200 

0.1065 

0.2255 

0.1984 

0.1874 

0.1649 

0 2065 


0.201 

0.1070 

0.2266 

0.1994 


0.1657 

0.2075 

lilt ;v?$l 

0.202 

0.1075 

0 2276 


0.1892 

0.1665 

0.2085 

lilt :Mfl 

0.203 

0.1080 

0.2287 

Bvt!vI 


0.1673 

0.2095 

0.1844 

0.204 

0.1085 

0.2298 

mmm 


0.1681 

0 2105 

0.1853 

0.205 

0.1090 

0.2309 

B 

B 

0.1689 

0.2115 

0.1861 

0.206 

0.1096 

0.2320 

WoTffr 

lartigi 

0.1697 

0.2125 

0.1869 

0.207 

0.1101 

0.2330 

■iKitfl 

liipfl 

0.1705 


0 1878 

0.208 

0.1106 

0.2341 

0.2060 

0.1947 

0.1713 

0.2144 

0.1887 

0.209 

0.1111 

0.2352 



0.1721 

0.2154 

0.1896 
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65 Table 8.— KrOberb Table.— Continued. 

[Expressed in crams.] 


jtjbfubal 

fhlokoolucid 

FUBTUBAL 

ABA8IN0SB 

ABA BAN 

XYLOSB 

XYLAN 

FSNTOSB 

PENT OBAN 


0.1116 

0.2363 

BESI 

0.1965 

0.1729 

0.2164 



0.1121 

0.2374 


0.1975 

0.1737 

0.2174 

0.1913 

0.212 

0.1127 

0.2384 

0.2098 

0.1984 

0.1745 

0.2184 

0.1922 


0.1132 

0.2395 


0.1993 

0.1753 

0.2194 

0.1931 

0.214 

0.1137 

0.2406 

0.2117 

0.2002 

0.1761 

0.2204 

0.1940 

0.215 

0.1142 

0.2417 

0.2127 

0.2011 


0.2214 

0.1948 

0.216 

0.1147 

0.2428 

0.2136 

0.2020 

0.1778 

0.2224 

0.1957 

0.217 

0.1152 

0.2438 

0.2146 

0.2029 

0.1786 

0.2234 

0.1966 

0.218 

0.1158 

0.2449 

0.2155 

0.2038 

0.1794 

0.2244 

0.1974 

0.219 

0.1163 

0.2460 

0.2165 

0.2047 


0.2254 

0.1983 

0.220 

0.1168 

0.2471 

0.2174 

0.2057 

0.1810 

0.2264 

0.1992 

0.221 

0.1173 

0.2482 

0.2184 

0.2066 

0.1818 

0.2274 

0.2001 

0.222 

0.1178 

0.2492 

0.2193 

0.2075 

■Ml 

0.2284 

0.2010 

0.223 

0.1183 

0.2503 


0.2084 


0.2294 

0.2019 

0.224 

0.1189 

0.2514 

0.2212 

0.2093 

Hi 

0.2304 

0.2028 

0.225 

0.1194 

0.2525 

0.2222 

0.2102 

0.1850 

0.2314 

0.2037 


0.1199 

0.2536 

0.2232 

0.2111 

0.1858 

0.2324 

0.2046 


0.1204 

0.2546 

0.2241 

0.2121 

0.1866 

0.2334 

0.2054 

0.228 

0.1209 

0.2557 

0.2251 

0.2130 

0.1874 

0.2344 

0.2063 

0.229 

0.1214 

0.2568 

0.2260 

0.2139 

0.1882 

0.2354 

0.2072 

0.230 

0.1220 

0.2579 


0.2148 

0.1890 

0.2364 

0.2081 

0.231 

0.1225 

0.2590 


0.2157 

0.1898 

0.2374 

0.2089 

0.232 

■ia #{7il 

0.2600 

0.2289 

0.2166 

0.1906 

0.2383 

0.2097 

0.233 

■ii Ml 

0.2611 


0.2175 

0.1914 

0.2393 

0.2106 

0.234 


0.2622 


0.2184 

0.1922 

0.2403 

0.2115 

0.235 

0.1245 

0.2633 

0.2318 

0.2193 

0.1930 

0.2413 

0.2124 

0.236 

0.1251 

0.2644 

0.2327 

0.2202 

0.1938 

0.2423 

0.2132 

0.237 

0.1256 

0.2654 

0.2337 

0.2211 

0.1946 

0.2433 

0.2141 

0.238 

0.1261 

0.2665 

0.2346 

0.2220 

0.1954 

0.2443 

0.2150 

0.239 

0.1266 

0.2676 

0.2356 

0.2229 

0.1962 

0.2453 

0.2159 

0.240 

KVRfl 

0.2687 

0.2365 

0.2239 

0.1970 

0.2463 

0.2168 

0.241 

VArfrl 

0.2698 

0.2375 

0.2248 

0.1978 

0.2473 

0.2176 

0.242 


0.2708 

0.2384 

0.2257 

0.1986 

0.2483 

0.2185 

0.243 

Riffraff 

0.2719 

0.2394 

0.2266 

0.1994 

0.2493 

0.2194 

0.244 

lui 

0.2730 

0.2403 

0.2275 

0.2002 

0.2503 

0.2203 

0.245 

0.1297 

0.2741 

0.2413 

0.2284 

0.2010 

0.2513 

0.2212 

0.246 

0.1302 

0.2752 

0.2422 

0.2293 

0.2018 

0.2523 

0.2220 

0.247 

0.1307 

0.2762 

0.2432 

0.2302 

0.2026 

0.2533 

0.2229 

0.248 

0.1312 

0.2773 

0.2441 

0.2311 

0.2034 

0.2543 

0.2238 

0.249 

0.1318 

0.2784 

0.2451 

0.2320 

0.2042 

0.2553 

0.2247 

0.250 

0.1323 

0.2795 


0.2330 

0.2050 

0.2563 

0.2256 

0.251 

0.1328 

0.2806 



0.2058 

0.2573 

0.2264 

0.252 

0.1333 

0.2816 

0.2479 

0.2348 

0.2066 

0.2582 

0.2272 

0.253 

0.1338 

0.2827 

0.2489 

0.2357 

0.2074 

0.2592 

0.2281 

0.254 

0.1343 

0.2838 

0.2498 


0.2082 

0.2602 

0.2290 
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Table 8.— Krober's Table— C ontinued. 

[Expressed in grams.] 


FURFURAL 
PHLOROQ LUCID 

FURFURAL 

ARABINOSB 

ARABAN 

XYLOSB 

XYLAN 

PENTOSE 

PBNTOSAN 

0.255 

mm 

0.2849 

0.2508 

0.2375 

0.2090 

0.2612 

0.2299 

0.256 


0.2860 

0.2517 

0.2384 

0.2098 

0.2622 

0.2307 

0.257 


0.2870 

0.2526 

0.2393 

0.2106 

0.2632 

0.2316 

0.258 


0.2881 

0.2536 

0.2402 

0.2114 

0.2642 

0.2325 

0.259 


0.2892 

0.2545 

0.2411 

0.2122 

0.2652 

0.2334 

0.260 

0.1374 

0.2903 

0.2555 

0.2420 

0.2130 

0.2662 

0.2342 

0.261 

0.1380 

0.2914 

0.2565 

0.2429 

0.2138 

0.2672 

0.2351 

0.262 


0.2924 

0.2574 

0.2438 

0.2146 

0.2681 

0.2359 

0.263 

wMmil 

0.2935 

0.2584 

0.2447 

0.2154 

0.2691 

0.2368 

0.264 

0.1395 

0.2946 

0.2593 

0.2456 

0.2162 

0.2701 

0.2377 

0.265 


0.2957 

0.2603 

0.2465 

0.2170 

0.2711 

0.2385 

0.266 

0.1405 

0.2968 

0.2612 

0.2474 

0.2178 

0 2721 

0.2394 

0.267 

0.1411 

0.2978 

0.2622 

0.2483 

0.2186 

0.2731 

0.2403 

0.268 

0.1416 

0.2989 

0.2631 

0.2492 

0.2194 

0.2741 

0.2412 

0.269 

0.1421 

0.3000 

0.2641 

0.2502 

0.2202 

0.2751 

0.2421 

0.270 

0.1426 

0.3011 

0.2650 

0.2511 

0.2210 

0.2761 

0.2429 

0.271 

0.1431 

0.3022 

0.2660 

0.2520 

0.2218 

0.2771 

0.2438 

0.272 

0.1436 

0.3032 

0.2669 

0.2529 

0.2226 

0.2781 

0.2447 

0.273 

0.1442 

0.3043 

0.2679 

0.2538 

0.2234 

0.2791 

0.2456 

0.274 

0.1447 

0.3054 

0.2688 

0.2547 

0.2242 

0.2801 

0.2465 

0.275 

0.1452 

0.3065 

0.2698 

0.2556 

0.2250 

0.2811 

0.2473 

0.276 

0.1457 

0.3076 

0.2707 

0.2565 

0.2258 

0.2821 

0.2482 

0.277 

0.1462 

0.3086 

0.2717 

0.2574 

0.2266 

0.2830 

0.2490 

0.278 

0.1467 

0.3097 

0.2726 

0.2583 

0.2274 

0.2840 

0.2499 

0.279 

0.1473 

0 3108 

0.2736 

0.2592 

0.2282 


0.2508 

0.280 

0.1478 

0.3119 

0.2745 

0.2602 

0.2290 


0.2517 

0.281 

0.1483 

0.3130 

0.2755 

0.2611 

0.2298 

0.2871 

0.2526 

0.282 

0.1488 

0.3140 

0.2764 

0.2620 

0.2306 

0.2880 

0.2534 

0.283 

0.1493 

0 3151 

0.2774 

0 2629 

0.2314 

0.2890 

0.2543 

0.284 

0.1498 

0.3162 

0.2783 

0.2638 

0.2322 

0.2900 

0.2552 

0.285 


0.3173 

0.2793 

0.2647 

0.2330 

0.2910 

0.2561 

0.286 


0.3184 

0.2802 

0.2656 

0.2338 

0.2920 

0,2570 

0.287 

0.1514 

0.3194 

0.2812 

0.2665 

0.2346 

0.2930 

0.2578 

0.288 


0.3205 

0.2821 

0.2674 

0.2354 

0.2940 

0.2587 

0.289 

0.1524 

0.3216 

0.2831 

0.2683 

0.2362 

0.2950 

0.2596 

0.290 

0.1529 

0.3227 

0.2840 

0.2693 

0.2370 

0.2960 

0.2605 

0.291 

0.1535 

0.3238 

0.2850 

0.2702 

0.2378 

0.2970 

0.2614 

0.292 


0.3248 

0.2859 

0.2711 

0 2386 

0.2980 

0.2622 

0.293 

0.1545 

0.3259 

0.2868 

0.2720 

0.2394 

0.2990 

0.2631 

0.294 


0.3270 

0.2878 

0 . 2729 , 

0.2402 

0.3000 

0.2640 

0.295 

0.1555 

0.3281 


0.2738 

0.2410 

0.3010 

0.2649 

0.296 


0.3292 

0.2897 

0.2747 

0.2418 

0.3020 

0.2658 

0.297 

0.1566 

0.3302 

0.2906 

0.2756 

0.2426 

0.3030 

0.2666 

0.298 

0.1571 

0.3313 

0.2916 

0.2765 

0.2434 

0.3040 

0.2675 

0.299 

0.1576 

0.3324 

0.2925 

0.2774 

0.2442 

0.3050 

0.2684 

0.300 

0.1581 

0.3335 

0.2935 

0.2784 

0.2450 

0.3060 

0.2693 
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06 GALACTAN.-TENTATIVE. 

Extract a convenient quantity of the substance, representing 2.5-3 grams of the 
dry material, on a hardened filter with 5 successive portions of 10 cc. of ether, place 
the extracted residue in a beaker, about 5.5 cm. in diameter and 7 cm. deep, together 
with 60 cc. of nitric acid of 1.15 sp. gr., and evaporate the solution to exactly one 
third its volume in a water bath at a temperature of 94°-98°C. After standing 24 
hours, add 10 cc. of water to the precipitate, and allow it to stand another 24 hours. 
The mucic acid has in the meantime crystallized, but it is mixed with considerable 
material only partially oxidized by the nitric acid. Filter the solution through filter 
paper, wash with 30 cc. of water to remove as much of the nitric acid as possible, 
and replace the filter and contents in the beaker. Add 30 cc. of ammonium car- 
bonate solution, consisting of 1 part ammonium carbonate, 19 parts water, and 1 
part strong ammonium hydroxid, and heat the mixture on a water bath, at 80°C., 
for 15 minutes, with constant stirring. The ammonium carbonate takes up the 
muc ; c acid, forming soluble ammonium mucate. Wash the filter paper and con- 
tents several times with hot water by decantation, passing the washingB through a 
filter paper, to which final y transfer the material and thoroughly wash. Evapo- 
rate the filtrate to dryness over a water bath, avoiding unnecessary heating which 
causes decomposition, add 5 cc. of nitric acid of 1 15 sp. gr., stir thoroughly the 
mixture and allow to stand for 30 minutes. The nitric acid decomposes the am- 
monium mucate, precipitating the mucic acid; collect this on a tared filter or Gooch, 
wash with 10-15 cc. of water, then with 60 cc. of alcohol, and a number of times 
with ether, dry at the temperature of boiling water for 3 hours, and weigh. Mul- 
tiply the weight of the mucic acid by 1.33, which gives galactose, and multiply this 
product by 0.9 which gives galactan. 

CRUDE FIBER.— OFFICIAL. 

67 REAGENTS. 

(a) 1.25% sulphuric acid solution . — Exact strength, determined by titration. 

(b) 1.25% sodium hydroxid solution . — Exact strength, determined by titration. 

68 DETERMINATION. 

Extract a quantity of the substance, representing about 2 grams of the dry 
materia 1 , with ordinary ether, or use the residue from the determination of the ether 
extract. To this residue in a 500 cc. flask add 200 cc. of boiling 1.25% sulphuric 
acid; connect the flask with an inverted condenser, the tube of which passes only a 
short distance beyond the rubber stopper into the flask, or simply cover a tail coni- 
cal flask, which is well suited for this determination, with a watch glass or short 
stemmed funnel, boil at once and cont’nue boiling gently for 30 minutes. A blast 
of air conducted nto the flask will serve to reduce the frothing of the liquid. Filter 
through linen and wash with boiling water until the washings are no longer acid; 
rinse the substance back into the flask with 200 cc. of boiling, 1.25% solution of 
sodium hydroxid, free or nearly free from sodium carbonate, boil at once, and con- 
tinue boi ing gently for 30 minutes as directed above for the treatment with acid, 
filter at once rapidly, and wash with boiling water until the washings are neutral. 
The las^ filtration may be performed upon a Gooch crucible, a linen filter, or a tared 
filter paper. If a linen filter is used, rinse the crude fiber, after washing is completed, 
into a flat-bottomed platinum dish by means of a jet of water; evaporate to dryness 
on a steam bath, dry to constant weight at 110°C., weigh, incinerate completely, 
and weigh again. The loss in weight is considered to be crude fiber. If a tared filter 
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paper is used, weigh in a weighing bottle. In any case the crude fiber after drying 
to constant weight at 110°C. must be incinerated and the amount of the ash deducted 
from the original weight. 

69 WATER-SOLUBLE ACIDITY OF FEEDS. -TENTATIVE. 

Weigh 10 grams of the sample into a shaking bottle, add 200 cc. of water, and 
shake for 15 minutes. Filter the extract through a folded filter and take a 20 cc. 
aliquot (equivalent to 1 gram of sample) for the titration. Dilute with 50 cc. of 
water and titrate with N/10 sodium hydroxid, using phenolphthalein as indicator. 

In reporting the acidity of feeds, state the results in terms of cc. of N/10 sodium 
hydroxid required for neutralization. 
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II U. S. Bur. Chem. Circ. 71. 

12 J. Am. Chem. Soc., 1904, 26 : 266. 

13 U. S. Bur. Chem. Bull. 73, p. 173. 
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IX. SACCHARINE PRODUCTS. 

1 PREPARATION OF SAMPLE.— TENTATIVE. 

(a) Liquids (molasses, sirups , etc.). — Mix materials of this clasB thoroughly. 
If crystals of sugar are present, dissolve them either by heating gently or by weigh- 
ing the whole mass, then adding water, heating until completely dissolved and 
after cooling, re-weighing. Calculate all results to the weight of the original 
substance. 

(b) Semisolids (jellies , jams , etc.). —Weigh 60 grams of the sample into a 250 
cc. graduated flask. Treat with water, fill to the mark and mix thoroughly. If 
insoluble material remains, mix uniformly by shaking before taking aliquots for 
the various determinations. 

(C) Solids (sugar, confectionery, etc.). — Grind and mix thoroughly materials 
of this class to secure uniform samples. 

Moisture. 

DRYING METHODS. 

2 SUGARS. — OFFICIAL. 

Dry 2-5 grams in a flat dish (nickel, platinum, or aluminium) at the temperature 
of boiling water for 10 hours; cool in a desiccator and weigh; then dry again for an 
hour or until there is only a slight change in weight. 

With some sugars, more especially those of large grain, there is danger of occlu- 
sion and retention of water. The International Commission for Unifying Methods 
of Sugar Analysis prescribe drying at 105M10°C. for normal beet sugars. This 
temperature is sufficient to expel the last traces of occluded water and is not attended 
with sufficient decomposition to affect the weight of the product. The drying tem- 
perature should never exceed 110°C l . 

MASSECUITES, MOLASSES, AND OTHER LIQUID AND SEMILIQUID PRODUCTS. 

3 Drying upon Pumice Stone.— Tentative. 

Prepare pumice stone of two grades of fineness, one of which will pass through 
a 1 mm. sieve, the other through a 6 mm. sieve. Make the determination in flat 
metallic dishes or in shallow, flat-bottomed, weighing bottles. Place a layer of 
the fine pumice stone, 3 mm. in thickness, on the bottom of the dish, then a layer 
of the coarse pumice stone 6-10 mm. in thickness, dry and weigh. Dilute the sam- 
ple with a weighed portion of water so that the diluted material shall contain 20- 
30% of solid matter. Weigh into the dish, prepared as described above, an amount 
of the diluted sample to yield, approximately, 1 gram of dry matter. If this weigh- 
ing can not be made rapidly, use a weighing bottle provided with a cork through 
which a pipette passes. Dry in vacuo at 70°C. to constant weight, making trial 
weighings at intervals of 2 hours. For substances containing little or no levulose 
or other readily decomposable substance, the drying may be made in a water oven 
at the temperature of boiling water. 

4 Drying upon Quartz Sand.— Tentative# 

Digest pure quarts sand with strong hydrochloric acid, wash, dry, and ignite. 
Preserve in a stoppered bottle. 
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Place 6-7 grams of the prepared sand and a short stirring rod in a flat-bottomed 
dish. Dry thoroughly, cool in a desiccator, and weigh. Then add 3-4 grams of 
the molasses, mix with the sand (if necessary to thoroughly incorporate the two, 
add a little water), dry in a water oven at the temperature of boiling water 
for 8-10 hours, stirring at intervals of an hour, cool in a desiccator, and weigh. 
Stir, heat again for an hour, cool, and weigh. Repeat the heating and weighing 
until the loss of water in an hour is not greater than 3 mg. 

AREOMETRIC METHODS . 

(Not applicable to low-grade sugar products, molasses and other materials 
containing large amounts of non-sugar solids.) 

SPECIFIC GRAVITY, WATER AND TOTAL SOLIDS. 

5 By Meant of a Spindle.— Official. 

The density of juices, sirups, etc., is most conveniently determined by means 
of the Brix hydrometer. For rough work, or where less accuracy is desired, the 
Baum6 hydrometer may be used. The Brix spindle should be graduated to tenths. 
The range of degrees recorded by each individual spindle should be as limited as 
possible. The solution should be as nearly as practicable of the same tempera- 
ture as the air at the time of reading, and, if the variation from the temperature 
of the graduation of the spindle amounts to more than 1°, a correction must be 
applied according to the table under 6. Before taking the density of a juice, allow 
it to stand in the cylinder until all air bubbles have escaped, and until ail fatty or 
waxy matter has come to the surface and been skimmed off. The cylinder should 
be large enough in diameter to allow the hydrometer to come to rest without touch- 
ing the sides. A table of specific gravities at -p- 1 and per cent by weight of suc- 
roBe is given under 9, and a table for the comparison of specific gravities at 
degrees Brix (per cent by weight of sucrose), and degree Baum6 is given under 8. 

If the sample is too dense to determine the density directly, dilute a weighed 
portion with a weighed quantity of water, or dissolve a weighed portion and dilute 
to a known volume with water. 

In the first instance the per cent of total solids is calculated by the following 
formula: 

WS 

Per cent of solids in the undiluted material * — in which 

w 

S « per cent of solids in the diluted material; 

W — weight of the diluted material; 

w *= weight of the sample taken for dilution. 

When the dilution is made to a definite volume, the following formula is to be 
used: 

Per cent of solids in the undiluted material ■» ~~ in which 

V — volume of the diluted solution at a given temperature; 

D = specific gravity of the diluted solution at the same temperature; 

S « per cent of solids in the diluted solution at the same temperature; 

W « weight of the sample taken for dilution at the same temperature. 

If the spindle reading be made at any other temperature than 17.5°C., the re- 
sult should be corrected according to the following: 
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Table 9. 

For correction of the readings of the Brix spindle when made at other than the 
standard temperature , 17, 6° C. 

(For temperatures below 17.5°C. the correction is to be subtracted.) 



Example. — A sugar solution shows a reading of 30.2° Brix at 30°C. To find the 
necessary correction for the conversion of this reading to the reading which would 
have been obtained if the observation had been made at 17.5°C., find the vertical 
column in the table headed 30° Brix, which is the nearest to the observed reading. 
Follow down this column until the number is reached which is opposite to the tem- 
perature of observation — in this case 30°. The number found, 0.92, is to be added 
to the observed reading. 


7 


By Means of a Pycnometer. — Official. 


20*C 

(a) By specific gravity at —jr 1 ' — Determine the specific gravity of the solution 
at ‘ by means of a pycnometer and ascertain the corresponding per cent by 
weight of sucrose from 9 . When the density of the substance is too high for a direct 
determination, dilute and calculate the sucrose content of the original material as 
directed under 5. 


(b) By specific gravity at — Proceed as directed under (a), the determina- 

17 5°C 20*C. • i 

tions of specific gravity being made at ‘ ^ instead of at -p— * Ascertain the corre- 
sponding per cent by weight of sucrose from 8. 

The pycnometer determination should not be made at any other temperature 


than 


17.5*C. 


20*C. 

~ 4 r ~ 


or 
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8 Table 10. 


17 6*C 

For the comparison of specific gravities at ~ Y zr t0 : t degrees Brix and degrees BaumS. 

17*0 

146.78 

Degree Baum6 « 146.78 

sp.gr. 


DIOUl 
MUX OB 
PBR CBNT 
BT 

WEIGHT 

OP 

SUCROSE 

8FB0IPI0 

GRAVITY 

DEGREE 

BAUM* 

DBGBBB 
BRIX OR 
PBR CENT 
BY 

WEIGHT 

OP 

SUCROSE 

SPECIFIC 

GRAVITY 

DEGREE 

BAUM* 

DEGREE 
BRIX OR 
PERCENT 
BY 

WEIGHT 

OP 

SUCROSE 

specific 

GRAVITY 

DEORBB 

BAUMS 

1.0 

1.00388 

m i 

33.0 

1.14423 

18.5 

65.0 

1.31989 

35.6 

2.0 

1.00779 

i.i 

34.0 

1.14915 

19.05 

66.0 

1.32601 

36.1 

3.0 

1.01173 

1.7 

35.0 

1.15411 

19.6 

67.0 

1.33217 

36.6 

4.0 

1.01570 

2.3 

36.0 

1.15911 

20.1 

68.0 

1.33836 

37.1 

5.0 

1.01970 

2.8 

37.0 

1.16413 

20.7 

69.0 

1.34460 

37.6 

6.0 


3.4 

38.0 

1.16920 

21.2 

70.0 

1.35088 

38.1 

7.0 

1.02779 


39.0 

1.17430 

21.8 

71.0 

1.35720 

38.6 

8.0 


4.5 

40.0 

1.17943 

22,3 

72.0 

1.36355 

39.1 

9.0 

1.03599 

5.1 

41.0 

1.18460 

22.9 

73.0 

1.36995 

39.6 

10.0 

1.04014 

5.7 

42.0 

1.18981 

23.4 

74.0 

1.37639 

40.1 

11.0 


6.2 

43.0 

1.19505 

23.95 

75.0 

1.38287 

40.6 

12.0 

1.04852 

6.8 

44.0 

1.20033 

24.5 

76.0 

1.38939 

41.1 

13.0 

1.05276 

7.4 

45.0 

1.20565 

25.0 

77.0 

1.39595 

41.6 

14.0 

1.05703 

7.9 

46.0 

1.21100 

25.6 

78.0 

1.40254 

42.1 

15.0 i 

1.06133 

8.5 

47.0 

1.21639 

26.1 

79.0 

1.40918 

42.6 

16.0 ! 

1.06566 

Hin 

48.0 

1.22182 

26.6 

80.0 

1.41586 

43.1 

17.0 


9.6 

49.0 

1.22728 

27.2 

81.0 

1.42258 

43.6 

18.0 1 

1.07441 

1K| 

50.0 

1.23278 

27.7 

82.0 

1.42934 

44.1 

19.0 

1.07884 


51.0 

1.23832 

28.2 

83.0 

1.43614 

44.6 

nfl 

1.08329 

11.3 

52.0 

1.24390 

28.8 

84.0 

1.44298 

45.1 

21.0 

1.08778 

11.8 

53.0 

1.24951 

29.3 

85.0 

1.44986 

45.5 

22.0 

1.09231 

12.4 

54.0 

1.25517 

29.8 

86.0 

1.45678 

46.0 

23.0 

1.09686 

KJLB 

55.0 

1.26086 

30.4 

87.0 

1.46374 

46.5 

24.0 

1.10145 

MSm 

56.0 

1.26658 

30.9 

88.0 

1.47074 

47.0 

25.0 


14.1 

57.0 

1.27235 

31.4 

89.0 

1.47778 

47.45 

26.0 


in 

58.0 

1.27816 

31.9 

90.0 

1.48486 

47.9 

27.0 


59.0 

1.28400 

32.5 

91.0 

1.49199 

48.5 

28.0 

1.12013 

15.7 

60.0 

1.28989 

33.0 

92.0 

1.49915 

48.9 

29.0 

1.12488 

16.3 

61.0 

1.29581 

33.5 

93.0 

1.50635 

49.4 

30.0 


16.8 

62.0 

1.30177 

34.0 

94.0 

1.51359 

49.8 

31.0 

32.0 

1.13449 

1.13934 

17.4 

17.95 

63.0 

64.0 

1.30777 

1.31381 

34.5 

35.1 

95.0 

1.52087 

50.3 


When the number expressing the specific gravity found by analysis falls between 
the numbers given in the above table, the exact equivalent in degrees Brix or Baum4 
is found by a simple calculation. 

Example.— The pycnometer shows the specific gravity of a certain sirup to be 
1.20909. The table shows that the corresponding degree Brix is between 46.0 and 
46.0. Subtracting the specific gravity of a solution of 46° Brix from the correspond- 
ing figure for 46 6 , we have (expressing the specific gravities as whole numbers) 
121,100 — 120,565 = 535, the difference in specific gravity for 1° Brix at this point 
in the table. Subtracting the specific gravity corresponding to 45° from the spe- 
cific gravity found by analysis, we have 120,909 - 120,565 * 344; m « 0.64, the frac- 

# • wOw 

tion of 1° Brix more than 45°. The degree Brix, corresponding to a sp. gr. of 1.20909, 
is therefore 45.64. 














m 


SACCHARINE PRODUCTS 


67 


9 Table 11. 

Densities 2 of solutions of cane sugar at 20° C. 

(This table is the basis for standardizing hydrometers indicating per cent of sugar 

at 20°C.) 


TENTHS OF PER CENT 


SUGAR 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.998234 

0.998622 

0.999010 

0.999398 

0.999786 

1.000174 

1.000563 

1.000952 

1.001342 

1.001731 

1 

1.002120 

1.002509 

1.002897 

1.003286 

1.003675 

1.004064 

1.004453 

1.004844 

1.005234 

1.005624 

2 

1.006015 

1 006105 

1.006796 

1.007188 

1.007580 

1.007972 

1.008363 

1.008755 

1.009148 

1.009541 

3 

1.009934 

1.010327 

1.010721 

1.011115 

1.011510 

1 011904 

1.012298 

1.012694 

1.013089 

1.013485 

4 

1.013881 

1.014277 

1.014873 

1.015070 

1.015407 

1.015864 

1.016261 

1.016659 

1.017058 

1.017456 

5 

1.017854 

1.018253 

1.018652 

1.019052 

1.019451 

1.019851 

1.020251 

1.020651 

1.021053 

1.021454 

6 

1.021855 

1 022257 

1.022659 

1.023061 

1.023463 

1.023867 

1.024270 

1.024673 

1.025077 

1.025481 

7 

1.025885 

1.026289 

1.026694 

1 027099 

1.027504 

1.027910 

1.028316 

1.028722 

1 029128 

1.029535 

8 

1.029942 

1.030349 

1.030757 

1 031165 

1.031573 

1.031982 

1 032391 

1.032800 

1.033209 

1.033619 

0 

1.034029 

1.034439 

1.034850 

1 035260 

1.035671 

1.036082 

1.036494 

1.036906 

1.037318 

1.037730 

10 

1.038143 

1.038556 

1 038970 

1.039383 

1.039797 

1.040212 

1.040626 

1.041041 

1.041456 

1.041872 

11 

1.042288 

1.042704 

1.043121 

1.043537 

1 043954 

1.044370 

1 044788 

1.045206 

1.045625 

1.046043 

12 

1.046462 

1.046881 

1.047300 

1.047720 

1.048140 

1.048559 

1.048980 

1.049401 

1.049822 

1.050243 

13 

1.050665 

1.051087 

1.051510 

1.051933 

1 052356 

1.052778 

1.053202 

1 053626 

1 054050 

1.054475 

14 

1.054900 

1.055325 

1.055751 

1.056176 

1.056602 

1.057029 

1.057455 

1 057882 

1 058310 

1.058737 

15 

1.059165 

1 059593 

1.060022 

1 060451 

1.060880 

1 061308 

1.061738 

1 062168 

1 062598 

1.063029 

16 

1 063460 

1 063892 

1 064324 

1 064756 

1 065188 

1.065621 

1 . 066054 

1.066487 

1 066921 

1.067355 

17 

1.067789 

1.068223 

1 068658 

1.069093 

1 069529 

1 069964 

1 070400 

1 070836 

1.071273 

1.071710 

18 

1.072147 

1.072585 

1 073023 

1.073461 

1.073900 

1 074338 

1 074777 

1 075217 

1.075657 

1.076097 

19 

1.076537 

1.076978 

1.077419 

1 077860 

1.078302 

1.078744 

1.079187 

1.079629 

1.080072 

1.080515 

20 

1.080959 

1 081403 

1 081848 

1.082292 

1.082737 

1.083182 

1 083628 

1.084074 

1 084520 

1.084967 

21 

1.085414 

1 085861 

1 086309 

1 086757 

1.087205 

1 087652 

1 088101 

1.088550 

1 089000 

1.089450 

22 

1.089900 

1.090351 

1.090802 

1.091253 

1.091704 

1.092155 

1 092607 

1.093060 

1.093513 

1.093966 

23 

1.094420 

1.094874 

1.095328 

1.095782 

1.096236 

1 096691 

1.097147 

1.097603 

1 098058 

1.098514 

24 

1.098971 

1.099428 

1 099886 

1.100344 

1 100802 

1.101259 

1 101718 

1 102177 

1 102637 

1.103097 

25 

1.103557 

1.104017 

1 104478 

1.104938 

1.105400 

1 105862 

1.106324 

1.106786 

1.107248 

1.107711 

26 

1.108175 

1.108639 

1 109103 

1.109568 

1.110033 

1.110497 

1.110963 

1.111429 

1.111895 

1.112361 

27 

1.112828 

1.113295 

1 113763 

1 114229 

1.114697 

1 115166 

1 115635 

1.116104 

1 116572 

1.117042 

28 

1.117512 

1.117982 

1.118453 

1.118923 

1 119395 

1.119867 

1.120339 

1.120812 

1 121284 

1.121757 

29 

1.122231 

1.122705 

1.123179 

1.123653 

1.124128 

1.124603 

1 125079 

1.125555 

1.126030 

1 126507 

30 

1.126984 

1.127461 

1 127939 

1.128417 

1.128896 

1.129374 

1 129853 

1.130332 

1.130812 

1.131292 

31 

1.131773 

1.132254 

1.132735 

1 133216 

1 133698 

1.134180 

1 134663 

1 135146 

1 135628 

1 136112 

32 

1.136596 

1.137080 

1.137565 

1.138049 

1 138534 

1.139020 

1 . 139506 

1 139993 

1 140479 

1.140966 

33 

1.141453 

1.141941 

1.142429 

1.142916 

1.143405 

1.143894 

1 144384 

1 144874 

1.145363 

1.145854 

34 

1.146345 

1.146836 

1.147328 

1.147820 

1.148313 

1.148805 

1 . 1^298 

1.149792 

1.150286 

1.150780 

35 

1.151275 

1.151770 

1.152265 

1.152760 

1.153256 

1 153752 

1.154249 

1.154746 

1.155242 

1.155740 

36 

1.156238 

1.156736 

1.157235 

1.157733 

1.1582331 

1 . 158733 

1 159233 

1.159733 

1.160233 

1 160734 

37 

1.161236 

1.161738 

1.162240 

1.162742 

1.163245 

1 163748 

1.164252 

1.164756 

1.165259 

1.165764 

38 

1.166269 

1 166775 

1.167281 

1 167786 

1.168293 

1 . 168800 

1 169307 

1.169815 

1 170322 

1.170831 

39 

1.171340 

1.171849 

1.172359 

1.172869 

1.173379 

1.173889 

1.174400 

1 174911 

1.175423 

1.175935 

40 

1.176447 

1.176960 

1.177473 

1 177987 

1.178501 

1 179014 

1 179527 

1.180044 

1 180560 

1.181076 

41 

1.181592 

1.182108 

1 182625 

1 183142 

1.183660 

1.184178 

1 184696 

1.185215 

1.185734 

1 186253 

42 

1.186773 

1.187293 

1.187814 

1 188335 

1.188856 

1 189379 

1.189901 

1.190423 

1 190946 

1.191469 

43 

1.191993 

1.192517 

1 193041 

1 193565 

1.194090 

1 . 194616 

1 195141 

1.195667 

1 196193 

1.196720 

44 

1.197247 

1.197775 

1.198303 

1.198832 

1.199360 

1.199890 

1.200420 

1.200950 

1.201480 

: 

1.202010 

45 

1.202540 

1.203071 

1.203603 

1.204136 

1 204668 

1.205200 

1 205733 

1.206266 

1.206801 

1.207335 

46 

1.207870 

1.208405 

1.208940 

1.209477 

1.210013 

1.210549 

1.211086 

1.211623 

1.212162 

1.212700 

47 

1.213238 

1.213777 

1.214317 

1.214856 

1 215395 

1.215936 

1.216476 

1.217017 

; 1.217559 

1.218101 

48 

1.218643 

1.219185 

1.219729 

1.220272 

1.220815 

1.221360 

1.221904 

1 222449 

1 1 222995 

1.223540 

49 

1.224086 

1.224632 

1.225180 

1.225727 

1.226274 

1.226823 

1.227371 

1 227919 

1.228469 

1.229018 

50 

1.229567 

1 230117 

1 230668 

1.231219 

1.231770 

1.232322 

1.232874 

1.233426 

1 233979 

1 234532 

51 

1.235085 

1.235639 

1.236194 

1.236748 

1.237303 

1 237859 

1.238414 

1.238970 

1.239527 

1.240084 

52 

1.240641 

1.241198 

1.241757 

1.242315 

1.242873 

1.243433 

1.243992 

1.244552 

1.245113 

1 245673 

63 

1.246234 

1.246795 

1.247358 

1.247920 

1.248482 

1.249046 

1.249609 

1 250172 

1 250737 

1.251301 

54 

1.251866 

1.252431 

1.252997 

1.253563 

1.254129 

1.254697 

1.255264 

1.255831 

1.256400 

1.256967 

55 

1.257535 

1.258104 

1.258674 

1.259244 

1.259815 

1.260385 

1.260955 

1.261527 

1 262099 

1.262671 

56 

1.263243 

1.263816 

1.264390 

1.264963 

1.265537 

1.266112 

1.266686 

1.267261 

1 267837 

1.268413 

57 

1.268989 

1.269565 

1.270143 

1.270720 

1.271299 

1.271877 

1.272455 

1.273035 

1 273614 

1.274194 

58 

1.274774 

1.275354 

1.275936 

1.276517 

1.277098 

1.277680 

1.278262 

1.278844 

1.279428 

1.280011 

59 

1.280595 

1.281179 

1.281764 

1.282349 

1.282935 

1.283521 

1.284107 

1.284694 

1.285281 

1.285869 










68 


METHODS OF ANALYSIS 


Table 11.— Continued. 

Densities of solutions of cans sugar at $Q°C. 


[Chap* 


PEB CENT 
BtTOAB 


TENTHS OP PEB CENT 






1.280581 1.281172 
1.286506 1.287100 


1.303068 
1.308475 1.300077 
1.814515 1.315121 

1.320583 1.321203 
1.826711 1.327325 
1.382868 1.333485 


1.286456 1.287044 1.287633 1.288222 1.288811 1.288401 1 

1.282354 1.282846 1.283538 1.284131 1.284725 1.285318 1 

1.288281 1.288886 1.288483 1.800078 1.300677 1.301274 1 

1.804267 1.804867 1.305467 1.306068 1.306668 1.307271 1 

1.310282 1.310885 1.311488 1.312083 1.312688 1.813304 1 

1.816334 1.316841 1.817548 1.318157 1.818766 1.318374 1.318883 1.320583 1.321203 

1.322425 1.323036 1.323648 1.324258 1.324872 1.325484 1.326087 1.826711 1.327325 

1.328554 1.328170 1.329785 1.330401 1.331017 1.331633 1.832250 1.382868 1.333485 

1.334722 1.335342 1.335861 1.336581 1.337200 1.837821 1.838441 1.338063 1.338684 

1.340828 1.341551 1.842174 1.342788 1.843421 1.344046 1.344671 1.845286 1.845922 

1.347174 1.847801 1.848427 1.319055 1.348682 1.350311 1.350839 1.851568 1.852197 

1.353456 1.354087 1.354717 1.355349 1.355980 1.356612 1.857245 1.357877 1.358511 

1.859778 1.360413 1.361047 1.361682 1.362317 1.362953 1.363590 1.364226 1.364864 

1.366189 1.366777 1.367415 1.368054 1.368693 1.369333 1.369973 1.370613 1.371254 

1.372536 1.373178 1.373820 1.374463 1.375105 1.375749 1.376392 1.377036 1.377680 

1.378871 1.379617 1.380262 1.380909 1.381555 1.382203 1.382851 1.383499 1.384148 

1.385446 1.386086 1.386745 1.387396 1.388045 1.388696 1.389347 1.389998 1.380651 

1.391956 1.382610 1.393263 1.393917 1.894571 1.395226 1.395881 1.396536 1.397192 

1.388505 1.399162 1.399819 1.400477 1.401134 1.401793 1.402452 1.403111 1.403771 

1.405091 1.405752 1.406412 1.407074 1.407735 1.408398 1.409061 1.409723 1.410387 

1.411715 1.412380 1.413044 1.413709 1.414374 1.415040 1.415706 1.416373 1.417039 

1.418374 1.419043 1.419711 1.420380 1.421049 1.421719 1.422390 1.423059 1.423730 

1.425072 1.425744 1.426416 1.427089 1.427761 1.428435 1.429109 1.429782 1.430457 

1.431807 1.432483 1.433158 1.433835 1.434511 1.435188 1.435866 1.436543 1.437222 

1.438579 1.439259 1.439938 1.440619 1.441299 1.441980 1.442661 1.443342 1.444024 

1.445388 1.446071 1.446754 1.447438 1.448121 1.448806 1.449491 1.450175 1.450860 

1.452232 1.452916 1.453605 1.454292 1.454980 1.455668 1.456357 1.457045 1.457735 

1.459114 1.459805 1.460495 1.461186 1.461877 1.462568 1.463260 1.463953 1.464645 

1.466032 1.466726 1.467420 1.468115 1.468810 1.469504 1 470200 1.470896 1.471592 

1.472986 1.473684 1.474381 1.475080 1.475779 1.476477 1.477176 1.477876 1.478575 

1.479976 1.480677 1.481378 1.482080 1.482782 1.483484 1.484187 1.484890 1.485593 

1.487002 1.487707 1.488411 1.489117 1.489823 1.490528 1.491234 1.491941 1.492647 

1.494063 1.494 m 1.495479 1.496188 1.496897 1.497606 1.498316 1.499026 1.499736 

1.501158 1.501870 1.502582 1.503293 1.504006 1.504719 1.505432 1.506146 1.506859 

1.508289 1.509004 1.509720 1.510435 1.511151 1.511868 1.512585 1.513302 1.514019 


1.508289 1. 


1.515455 1.516174 1.516893 1.517612 1.518332 1.519051 1.519771 1.520492 1.521212 

1.522656 1.523378 1.524100 1.524823 1.525546 1.526269 1.526993 1.527717 1.528441 

1.529891 1.530616 1.531342 1.532068 1.532794 1.533521 1.534248 1.534976 1.535704 

1.537161 1.537889 1.538618 1.539347 1.540076 1.540806 1.541536 1.542267 1.542998 

1.544462 1.545194-1.545926 1.546659 1.547392 1.548127 1.548861 1.549595 1.550329 


1.291763 

1.297696 

1.803668 

1.309680 

1.815728 

1.321814 

1.827940 

1.334103 

1.340306 

1.346547 

1.352827 

1.359144 

1.365501 

1.371894 

1.378326 

1.384796 

1.391303 

1.397848 

1.404430 

1.411051 

1.417707 

1.424400 

1.431131 

1.437900 

1.444705 

1.451545 

1.458424 

1.465338 

1.472289 

1.479275 

1.486297 

1.493355 

1.500447 

1.507574 

1.514737 

1.521934 

1.529166 

1.536432 

1.543730 

1.551064 


10 REFRACTOMETER METHOD.-TENTA TIVE. 

Determine the refractive index of the solution at 28 °C. and obtain the corre- 
sponding percentage of dry substance from 11. If the refractive index is obtained 
at a temperature other than 28 °C., correct the result as indicated in 12. If the 
solution is too dark to be read in the instrument, dilute with a concentrated sugar 
solution. Water should never be used for this purpose. Mix weighed amounts 
of the solution under examination and a solution of pure sugar of about the same 
strength, and obtain the amount of dry substance in the former by the following 
formula: 
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(A -f B) C - BD . ... 

x « - 4 m which 

A 

x » per cent of dry substance to be found; 

A «* weight in grams of the material mixed with B; 

B « weight in grams of pure sugar solution employed in the dilution; 

C = per cent of dry substance in the mixture of A and B .obtained from the 
refractive index; 

D » per cent of dry substance in the pure sugar solution obtained from its 
refractive index. 

It Table 12.— -Geerligs* Table. 

For dry substance in sugar-house products by the Abbe refractometer t at 28 ° C. 


DECIMALS TO BE 
ADDED FOB 
FRACTIONAL 
READINGS* 



PER 
CENT 

INDEX DRT 
SUB- 
STANCE 


.3484 11 

.3500 12 

.3516 13 

.3530 14 

.3546 15 

.3562 16 

.3578 17 

.3594 18 

.3611 19 

.3627 20 

1.3644 21 

.3661 22 

.3678 23 

.3695 24 

.3712 25 

.3729 26 


1.4292 

1.4314 

1.4337 

1.4359 

1.4382 

1.4405 



1.4520 

1.4543 

1.4567 

1.4591 

1.4615 

1.4639 

1.4663 

1.4687 




PER 

CENT 

INDEX DRY 

SUB- 
STANCE 


.3818 

.3836 

.3854 


1.3872 34 


[.4711 

73 

[.4736 

74 

[.4761 

75 

..4786 

76 

.4811 

77 

.4836 

78 

.4862 

79 

.4888 

80 

.4914 

81 

.4940 

82 

.4966 

83 

.4992 

84 

.5019 

85 

.5046 

86 

.5073 

87 

.5100 

88 

.5127 

89 

.5155 

90 


DECIMALS TO BE 
ADDED f OR 
FRACTIONAL 
READINGS* 


0 0001 - 0.05 
0 0002 - 0.1 
0.0003-0.15 
0 0004 - 0.2 
0.0005 - 0 25 
0 0006-0 3 
0 0007 - 0.35 
0 0008- 0.4 
0.0009 - 0.45 
0.0010-0.5 
0 0011 - 0 65 
0 0012 - 0 6 
0 0013-0.05 
0 0014 - 0 7 
0 0015 - 0 75 


0.0017- 

0.85 

0.0018 - 

09 

0 0019 - 

0.95 

0 0020- 

1 0 

0 0021 - 

1.0 


•Find in the table the refractive index which is next lower than the reading actu- 
ally made and note the corresponding whole number for the per cent of dry substance 
Subtract the refractive index obtained from the table from the observed reading; 
the decimal corresponding to this difference, as given in the column so marked, is 
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12 Table 13. 

Corrections for temperature . 



ASH. 

13 Method /. — Official. 

Heat 5-10 grams of the sample in a 50-KKTcc. platinum dish at 100°C. until the 
water is expelled, add a few drops of pure olive oil, and heat slowly over a flame 
until swelling ceases. Then place the dish in a muffle and heat at low redness until 
a white ash is obtained. 

14 Method II. — Official. 

Carbonize the mass at a low heat, dissolve*the soluble salts in hot water, burn 
the residual mass as directed in 13 , add the solution of soluble salts, and evaporate 
to dryness at 100°C., ignite gently, cool in a desiccator, and weigh. 

15 Method III. -Official. 

Saturate the sample with sulphuric acid, dry, ignite gently, then burn in a muf- 
fle at low redness. Deduct one tenth of the weight of the ash, and calculate the 
per cent. 

16 QUANTITATIVE ANALYSIS OF THE ASH.-OFFICIAL. 

Proceed as directed under III. 

1 7 SOLUBLE AND INSOLUBLE ASH. -TENTATIVE. 

Ash the material as directed under 13 or 14 . Add water to the ash in the plati- 
num dish, heat nearly to boiling, filter through an ashless filter paper, and wash 
with hot water until the combined filtrate and washings measure about 60 cc. Re- 
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turn the filter paper and contents to the platinum dish, ignite carefully, and weigh. 
Calculate the percentages of water-soluble and water-insoluble ash. 

18 ALKALINITY OF THE SOLUBLE ASH.— TENTATIVE. 

Cool the filtrate from 17 and titrate with N/10 hydrochloric acid, using methyl 
orange as an indicator. 

Express the alkalinity in terms of the number of cc. of N/10 acid per 1 gram of 
the sample. 

19 ALKALINITY OF THE INSOLUBLE ASH.— TENTATIVE. 

Add an excess of N/10 hydrochloric acid (usually 10-15 cc.) to the ignited insolu- 
ble ash in the platinum dish, under 1 7, heat to boiling over an asbestos plate, cool, 
and titrate the excess of hydrochloric acid with N/10 sodium hydroxid, using methyl 
orange as an indicator. 

Express the alkalinity in terms of the number of cc. of N/10 acid per 1 gram of 
the sample. 

20 MINERAL ADULTERANTS IN THE ASH.— TENTATIVE. 

Mix 100 grams of molasses, sirup, honey, or the confectionery solution prepared 
as directed under 1 (b) and evaporate to a sirupy consistency, with about 35 grams 
of concentrated sulphuric acid in a large porcelain evaporating dish. Pass an 
electric current through it while stirring by placing one platinum electrode in the 
bottom of the dish near one side and attaching the other to the lower end of the 
glass rod with which the contents are stirred. Begin with a current of about 1 
ampere and gradually increase to 4 (modified from method of Budde and Schou 4 
for determining nitrogen electrolytically). In 10-15 minutes the mass is reduced 
to a fine dry char, which may be readily burnt to a white ash in the original diBh 
over a free flame or in a muffle. 

This method 6 is preferred to the ordinary method of heating with sulphuric acid, 
especially in the case of molasses, because, if properly manipulated, it comes quietly 
into the form of a very finely divided char or powder, especially adapted for subse- 
quent quick ignition. 

If an electric current is not available, treat in a large porcelain dish 100 grams of 
the saccharine solution, evaporated to a sirupy consistency, with sufficient concen- 
trated sulphuric acid to thoroughly carbonize the mass and ignite in the usual 
manner. 

The following adulterants may be present : salts of tin, used in molasses to bleach ; 
mineral pigments, such as chromate of lead in yellow confectionery; oxid of iron, 
sometimes used to simulate the color of chocolate; and copper. These elements 
may be detected by the usual qualitative tests. 

21 NITROGEN.-TENTATIVE. 

Determine nitrogen in 5 grams of the material as directed under I, 18, 21 or 23, 
using a larger quantity of the sulphuric acid if necessary for complete digestion. 

SUCROSE. 

22 Method Tentative. 

(Substances in which the volume of the combined insoluble matter and precipitate 
from clarifying agents is less than 1 cc. from 26 grams.) 

Determine sucrose by polarisation before and after inversion, as directed under 

vra, 14 . 
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All products which contain dextrose or other reducing sugars in the crystalline 
form, or in supersaturated solution, exhibit the phenomenon of birotation. The con- 
stant rotation only should be employed in the Clerget formula, and to obtain this 
the solutions prepared for direct polarisation should be allowed to stand overnight 
before making the reading. If it is desired to make the direct reading immediately, 
the birotation may be destroyed by heating the neutral solution to boiling for a few 
minutes or by adding a few drops of strong ammonium hydroxid before completing 
the volume. 

23 Method II. ( Double dilution method.*)— Tentative. 

(Substances in which the volume of the combined insoluble matter and 
precipitate from clarifying agents is more than 1 cc. from 26 grams.) 

Weigh out a half normal weight of the sample and make up the solution to 100 
cc. f employing the appropriate clarifier (basic lead acetate for dark colored con- 
fectionery or molasses and alumina cream for light colored confectionery). Also 
weigh out a normal weight of the sample and make up a second solution with the 
clarifier to 100 cc. Filter and obtain direct polariscopic readings of both solu- 
tions. Invert each solution as directed in 22 and obtain its invert reading. 

The true direct polarisation of the sample is the product of the two direct read- 
ings divided by their difference. 

The true invert polarisation is the product of the two invert readings divided 
by their difference. 

Calculate the s ucrose from the true polarizations thus obtained by the formula 
given under VXQ, 14. 


COMMERCIAL GLUCOSE (APPROXIMATE). 

24 Method /. — Tentative . 


(Substances containing little or no invert sugar.) 


Commercial glucose can not be determined accurately owing to the varying 
amounts of dextrin, maltose, and dextrose present in this product. However, in 
sirups, in which the amount of invert sugar is so small as not to appreciably affect 
the result, commercial glucose may be estimated approximately by the following 
formula: 7 


O 

G 

a 

8 


(a- 8)100. t 

— in which 

176 

* per cent of commercial glucose; 
** direct polarization; 
per cent of cane sugar. 


Express the results in terms of commercial glucose polarizing +175°V. 


Method II.— Tentative. 

25 (Substances containing invert sugar* 7 ) 

Prepare an inverted half normal solution of the substance as directed under 
VIII, 14 except that after inversion cool the solution, make neutral to phenol- 
phthalein with sodium hydroxid solution, slightly acidify with hydrochloric acid, 
and treat with 5-10 cc. of alumina cream before making up to the mark. Filter 
and polarize at 87°C. in a 200 mm. jacketed tube. Multiply the reading by 200 and 
divide by the factor 163 to express the amount of glucose present in terms of glu- 
cose polarizing +175°V. 
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26 REDUCING SUGARS.— TENTATIVE. 

Determine either as dextrose or invert sugar as directed under VIII, 50, 51. 
52, 54, or 21, 23, 25, 36 or 39. 

27 STARCH.— TENTATIVE. 

Measure 26 cc. of a solution or uniform mixture, prepared as directed in 1 (b), 
(representing 5 grams of the sample) into a 300 cc. beaker, or introduce 5 grams of 
the finely ground sample (previously extracted with ether if the sample contains 
much fat) into the beaker, add sufficient water to make the volume 100 cc., heat 
to about 60°C. (avoiding if possible gelatinizing the starch) and allow to stand 
for about an hour, stirring frequently to secure complete solution of the sugars. 
Transfer to a stout wide-mouthed bottle, rinse the beaker with a little warm water, 
cool, add an equal volume of 95% alcohol, mix, and allow to stand at least an hour. 
Centrifugalize until the precipitate is closely packed on the bottom of the bottle 
and decant the supernatant liquid through a hardened filter. Wash the precipi- 
tate with successive 60 cc. portions of 50% alcohol by centrifugalizing and decant- 
ing through the filter until 3 or 4 drops of the washings give no test for sugar with 
alphanaphthol as described under 68 . Transfer the residue from the bottle and 
the hardened filter to a large flask and determine starch as directed under VIII, 
60. 

ETHER EXTRACT IN CONFECTIONERY. 

28 Continuous Extraction . — Tentative. 

(1) Measure 25 cc. of a 20% mixture or solution, prepared as directed under 1 
(b), into a very thin, readily frangible, glass evaporating shell ( Hofmeister Schdlchen), 
containing 5-7 grams of freshly ignited asbestos fiber; or (2) If impossible to ob- 
tain a uniform sample, weigh 5 grams of the mixed finely divided sample into a 
dish, and wash with water upon the asbestos in the evaporating shell, using, if neces- 
sary, a small portion of the asbestos fiber on a stirring rod to transfer the last traces 
of the sample from the dish to the shell. Dry to constant weight at 100°C., cool, 
wrap loosely in smooth paper, crush into rather small fragments between the fin- 
gers, transfer carefully the crushed mass, exclusive of the paper, to an extraction 
tube or a fat extraction cartridge. A thin lead disk (bottle cap) may be substituted 
for the Schfilchen. The disk may then be cut into small pieces and placed in the 
extraction tube. Extract with anhydrous ether or petroleum ether (b. p. 45°-60°C. 
and without weighable residue) in a continuous extraction apparatus for at least 25 
hours. In most cases it is advisable to remove the substance from the extractor 
after the first 12 hours, grind with sand to a fine powder, and re-extract for the re- 
maining 13 hours. Transfer the extract to a tared flask, evaporate the solvent, dry 
to constant weight in an oven at 100°C. 

29 Roese-Qottlieb Method . — Tentative . 

Substances such as butter-scotch, invariably yield extremely inaccurate results 
by the above method. In such cases introduce 4 grams of the material, or an amount 
of a uniform solution equivalent to this amount of the dry substance, into a Rohrig 
tube or similar apparatus, make up to a volume of 10 cc. with water, add 1.25 co. 
of concentrated ammonium hydroxid and mix thoroughly. Add 10 cc. of 95% alco- 
hol and mix. Then add 25 cc. of washed ether and shake vigorously for half a min- 
ute; then add 25 cc. of petroleum ether (b. p. below 60°C.), and shake again for 
half a minute. Allow to stand for 20 minutes or until the separation between the 
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liquids is complete. Draw off as much as possible of the ether-fat solution (usually 
0.5-0.8 cc. will be left) into a weighed flask through a small, rapid filter. The flask 
should be weighed with a similar one as a counterpoise. Again extract the liquid 
remaining in the tube, this time with 15 cc. each of ether and petroleum ether, shake 
vigorously half a minute with each, and allow to settle. Proceed as above, wash- 
ing the tip of the spigot and the filter with a few cc. of a mixture of equal parts of 
the 2 ethers (previously mixed and free from deposited water). For absolutely 
exact results the extraction must be repeated. This third extraction usually yields 
not more than about 1 mg. of fat, if the previous ether-fat solutions have been 
drawn off closely, or an amount averaging about 0.02% on a 4 gram charge. Evapo- 
rate the ether slowly on a steam bath, then dry the fat in a boiling water oven until 
the loss in weight ceases. Test the purity of the fat by dissolving in a little petro- 
leum ether. Should a residue remain, wash the fat out completely with petroleum 
ether, dry the residue, weigh, and deduct the weight. 

30 PARAFFIN IN CONFECTIONERY.— TENTATIVE. 

Add to the ether extract in the flask, as above obtained, 10 cc. of 95% alcohol 
and 2 cc. of sodium hydroxid solution (1 to 1), connect the flask with a reflux con- 
denser, and heat for an hour on the water bath, or until saponification is complete. 
Remove the condenser and allow the flask to remain on the bath until the alcohol 
is evaporated and the residue is dry. Dissolve the residue as completely as pos- 
sible in about 40 cc. of water and heat on the bath, shaking frequently. Wash into 
a separatory funnel, cool, and extract with 4 successive portions of petroleum ether, 
which are collected in a tared flask or capsule. Evaporate the petroleum ether 
and dry in the oven to constant weight. 

Any phytosterol or cholesterol present in the fat would be extracted with the 
paraffin. The amount is so insignificant that it may be disregarded generally. 
The character of the final residue should, however, be confirmed by determining 
its melting point, specific gravity, and refractive index. 

31 ALCOHOL IN SIRUPS USED IN CONFECTIONERY (“BRANDY DROPS”). -TENTATIVE. 

Collect in a beaker the sirup from a sufficient number of pieces to yield 30-50 
grams of sirup. Strain the sirup into a tared beaker and weigh. Introduce the 
sirup into a 250-300 cc. distilling flask, dilute with half its volume of water, attach 
the flask to a vertical condenser and distil almost 50 cc., or as much of the liquid as 
possible without causing charring. Foaming may be prevented by adding a little 
tannin, or a piece of paraffin about the size of a pea, to the contents of the distil- 
lation flask. Cool the distillate, make up to volume with water, mix well, and 
ascertain the specific gravity of the liquid by means of a pycnometer, and obtain 
the corresponding weight of alcohol in the 50 cc. of distillate from XVI, S. Cal- 
culate the per cent by weight of alcohol in the candy filling. 

32 COLORING MATTER.— TENTATIVE. 

Proceed as directed under XI. 

METALS.— TENTATIVE. 

Proceed, as directed under XII. 


33 
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HONEY . 8 

34 PREPARATION OP SAMPLE. -TENTATIVE. 

(a) Liquid or strained honey. — If the sample is free from granulation, mix thor- 
oughly by stirring or shaking before drawing weighed portions for the analytical 
determination. If the honey is granulated, place the container, having the stopper 
loose, in a water bath, and heat at a temperature not exceeding 50°C. until the sugar 
crystals dissolve; mix thoroughly, cool, and weigh portions for the analytical de- 
terminations. If sediment such as particles of comb, wax, sticks, bees, etc., are 
present, heat the sample to 40°C. in a water bath and filter through cheese-cloth 
before weighing portions for analysis. 

(b) Comb honey.— Cut across the top of the comb, if sealed, and separate com- 
pletely from the comb by straining through a 40 mesh sieve. When portions of the 
comb or wax pass through the sieve, heat the sample as in (a) and strain through 
cloth. If the honey is granulated in the comb, heat until the wax is liquified, stir, 
cool, remove the wax and take the clear liquid for analysis. 

35 MOISTURE. 

Weigh 2 grams of the sample into a tared, flat-bottomed aluminium dish, having a 
diameter of about 60 mm. and containing 10-15 grams of fine quartz sand, which has 
been previously washed, dried and ignited, and a small glass stirring rod; add 5-10 
cc. of water and thoroughly incorporate with the sand and honey mixture by means 
of the rod; dry the dish and its contents to constant weight in a vacuum oven at 
a temperature not exceeding 70°C. 

36 ASH. — OFFICIAL . 

Weigh 5-10 grams of honey into a platinum dish, add a few drops of pure olive 
oil to prevent spattering, and heat carefully until swelling ceases and then ignite 
at a temperature not above dull redness until a white ash is obtained. 

37 SOLUBLE ASH.— TENTATIVE . 

Proceed as directed under 17. 

38 ALKALINITY OF THE SOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 18. 


POLARIZATION. 

39 Direct Polarization. — Tentative. 

(a) Immediate direct polarization.— Transfer 26 grams of the honey to a 100 
cc. flask with water, add 5 cc. of alumina cream, dilute to the mark with water at 
20°C., filter, and polarize immediately in a 200 mm. tube. 

(b) Constant direct polarization— Pour the solution from the tube used in read- 
ing (a) back into the flask, stopper, and allow to stand for 24 hours. At the end of 
this time again polarize the solution at 20°C. in a 200 mm. tube. 

(C) Birotation.— The difference between (a) and (b) gives the birotation. 

(d) Direct polarization at S7°C.— Polarize the solution, obtained in (b), at 87°C. 
in a jacketed 200 mm. tube. 
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40 Invert Polarization.— Tentative. 

(a ) At *0°C.-— Invert 50 cc. of the solution obtained in 39 as directed under 
vra, 14 or 16, and polarize at 20°C. in a 200 mm. tube. 

(b) At Polarize the solution, obtained as directed in (a), at 87°C. in a 200 
mm. jacketed tube. 

41 REDUCING SUGARS.— TENTATIVE. 

Dilute 10 cc. of the solution, used for direct polarization, 39, to 250 cc. and de- 
termine reducing sugars in 25 cc. of this solution by one of the methods given tfnder 
vra, 25, 36, 39 or 56, respectively. Calculate the result to per cent of invert* 
sugar. 

42 SUCROSE.— TENTATIVE. 

Proceed as directed under VIII, 18. Determine reducing sugars after inver- 
sion by diluting 10 cc. of the solution obtained in 40, with a small amount of water, 
neutralizing with sodium carbonate, and making up to 250 cc. with water. Employ 
50 cc. of this solution for the determination, using the same method as in 41 . 

43 LEVULOSE.— TENTATIVE. 

Multiply the direct reading at 87°C., 39 (d), by 1.0315 and subtract the product 
from the constant direct polarization at 20 o< C., 39 (b) .’divide the difference by 2.3919 
to obtain the grams of levulose in a normal weight of the honey. From this figure 
calculate the per cent of levulose in the original sample. 

44 DEXTROSE.— TENTATIVE. 

Subtract the per cent of levulose, obtained in 43, from the per cent of invert 
sugar, found in 41 , to obtain the approximate per cent of dextrose. 

The dextrose can be determined more accurately by multiplying the per cent 
of levulose, as found in 43, by the factor 0.915, which gives its dextrose equivalent 
in copper reducing power. Subtract this figure from that of the reducing sugars, 41 , 
calculated as dextrose, to obtain the percentage of dextrose in the sample. (Owing 
to the difference in the reducing powers of different sugars, the sum of the dex- 
trose thus found and the levulose as obtained in 43 will be greater than the amount 
of invert sugar obtained in 41). 

45 DEXTRIN (APPROXIMATE).— TENTATIVE. 

Transfer 8 grams of the sample (4 grams in the case of dark colored honey-dew 
honey) to a 100 cc. flask (using not more than 4 cc. of water) by allowing the sam- 
ple to drain from the weighing dish into the flask and then dissolving the residue in 
2 cc. of water. After adding this solution to the contents of the flask, rinse the 
weighing dish with two 1 cc. portions of water to which a little alcohol is added sub- 
sequently. Fill the flask to the mark with absolute alcohol, shaking constantly. 
Set the flask aside until the dextrin has collected on the sides and bottom and the 
liquid is clear. Decant the clear liquid through a filter paper and wash the resi- 
due in the flask with 10 cc. of 95% alcohol, pouring the washings through the same 
filter. Dissolve the dextrin in the flask with boiling water and filter through the 
filter paper already used, receiving the filtrate in a tared dish, prepared as directed 
under 4. Rinse the flask and wash the filter a number of times with small portions 
of hot water, evaporate on a water bath and dry to constant weight in vacuo 
at 70°C. 
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After determining the weight of the alcohol precipitate, dissolve the latter in 
water and make up to definite volume, using 60 cc. of water for each 0.6 gram of pre- 
eipitate or part thereof. 

Determine reducing sugars in the solution both before and after inversion as 
directed under VIII, 18, expressing the results as invert sugar. Calculate sucrose 
from the results thus obtained and subtract the sum of the reducing sugars before 
inversion and sucrose from the weight of the total alcoholic precipitate to obtain 
the weight of the dextrin. 

46 ' free acid.-tbntative. 

Dissolve 10 grams of the honey in water and titrate with N/10 sodium hydroxid 
using phenolphthalein as an indicator. Express the results in terms of cc.of N/10 
sodium hydroxid required to neutralize 100 grams of the sample. 

47 GLUCOSE.— -TENTATIVE . 

Qualitative test . — Dilute the honey with water in the proportion of 1 to 1, then add 
a tew cc. of iodin solution (1 gram of iodin, 3 grams of potassium iodid, 50 cc. of 
water). In the presence of glucose the solution turns red or violet, the depth and 
character of the color depending upon the quality and nature of the glucose em- 
ployed. A blank test with a pure honey of about the same color should be made 
in order to secure an accurate color comparison. Should the honey be dark and 
the percentage of glucose very small, precipitate the dextrin which may be pres- 
ent by adding several volumes of 95% alcohol. Allow to stand until the precipitate 
settles (do not filter), decant the liquid, dissolve the residue of dextrins in hot 
water, cool and apply the above test to this solution. A negative result is not 
proof of the absence of glucose as some glucose, especially of high conversion, does 
not give any reaction with iodin. 9 

Quantitative test . — An approximate determination can be made by Browned 
formula as follows: Multiply the difference in the polarizations of the invert solu- 
tion at 20°C. and 87°C. by 77 and divide this product by the percentage of invert 
sugar after inversion found in the sample. Multiply the quotient by 100 and di- 
vide the product by 26.7, to obtain the percentage of honey in the sample; 100 per 
cent minus the per cent of honey gives the percentage of glucose. 

COMMERCIAL INVERT SUGAR.” 

QUALITATIVE TESTS. 

Fiehe Test {Bryan Modification 11 )• — Tentative. 

48 REAGENT. 

Resorcin solution . — Dissolve 1 gram of resorcin in 100 cc. of hydrochloric acid, 
sp. gr. 1.19. 


49 MANIPULATION. 

Introduce 10 cc. of a 60% honey solution into a test tube and add 5 cc. of ether. 
Shake gently and allow to stand for some time until the ether layer is clear. Trans- 
fer 2 cc. of this clear ether solution to a small test tube and add a large drop of the 
resorcin solution. Shake and note the color immediately. In the presence of arti- 
ficial invert sugar, the resorcin assumes immediately an orange-red color turning 
to dark red. 
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Feder Anilin CUorii Tett. % *—Tmtative. 

50 REAGENT. 

Anilin chlorid solution. — To 100 cc. of C. P. anilin add 30 co. of 25%* hydrochloric 
acid, 

51 MANIPULATION. 

Introduce 5 grams of the honey into a porcelain dish and add 2.5 cc. of the anilin 
reagent. A bright red color indicates the presence of commercial invert sugar. 

52 DIASTASE . 19 

Mix 1 part of honey with 2 parts of sterile water. Treat 10 cc. of this solution 
with 1 cc. of 1% soluble starch solution and digest at 45°C. for an hour. At the end 
of this time test the mixture with 1 cc. of iodin solution (1 gram of iodin, 2 grams 
of potassium iodid, 300 cc. of water). Treat another 10 cc. portion of the honey 
solution, mixed with 1 cc. of the soluble starch solution, without heating to 45°C., 
with the reagent and compare the colors produced. If the original honey had not 
been heated sufficiently to kill the diastase, an olive-green or brown coloration will 
be produced in the mixture that has been heated at 45°C. Heated or artificial 
honey becomes blue. 

MAPLE PRODUCTS. 

53 PREPARATION OF SAMPLE.— TENTATIVE. 

(a) Maple sirup . — Determine the moisture by the method given under 54 (a) . If 
the moisture is less than 35%, and there is some mineral sediment, pour the clear 
sirup into a beaker, washing the sediment also into the beaker with water. Then 
concentrate the sirup by boiling to a moisture content of about 35% (b. p. 104°C.). 
Set aside until cool, or preferably let the covered material stand overnight, and 
pour off the clear liquid for the analytical work. Where no sediment is present 
the sample is ready for analysis after careful mixing. Where sugar has crystal- 
lised out, warm to dissolve the sugar before starting the analysis. It is desira- 
ble in order to compare results upon different samples, to reduce all results other 
than moisture to a dry substance basis as determined in the clear sirup. 

(b) Maple sugar , maple cream, maple wax, etc. —Determine moisture, by the meth- 
od given under 54 (b), in the sample in its original condition by thoroughly mixing, 
if semi-plastic, or by rubbing up in a mortar representative portions of the product 
if solid. For all other analytical determinations use a solution prepared as fol- 
lows: Weigh roughly 100 grams of the product into a beaker and dissolve by boil- 
ing with 200 cc. of water. Decant the resulting sirup while hot through a muslin 
filter, concentrate by boiling to a moisture content of 35% (b. p. 104°C.), cool, or 
preferably let the covered material stand overnight, set aside until clear, and use 
this clear sirup for analysis. It is desirable, in order to compare results upon 
different samples, that all results except moisture be expressed upon a dry basis. 

54 MOISTURE.— TENTATIVE. 

(a) Maple sirup.-— Proceed as directed under 35 or 1 0. 

(b) Maple sugar, maple cream, etc . — Proceed as directed under 35. 

55 POLARIZATION .—TENTATIVE. 

(a) Direct at &0°C. — Proceed as directed under VIII, 14. 

(b) Invert at &0 9 C.— Proceed as directed under VIII, 14. 

(C) Invert at 87°C. — Proceed as directed under 25 to detect commercial glucose. 
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56 REDUCING SUGARS AS INVERT SUGAR.-TENTATIVE. 

(a) Before inversion. — Proceed as directed under VIII, 25, using an aliquot of 
the solution UBed for direct polarization, 55 (a), and only neutral lead acetate for 
olarification. 

(b) After inversion . — Proceed as directed under VIII, 25, using an aliquot of 
the solution used for the invert polarization, 55 (b), and only neutral lead acetate 
for clarification. 

SUCROSE. 

57 By Polarization. — Tentative. 

Proceed as directed under VIII, 14 or 16. 

58 By Reducing Sugars Before and After Inversion . — Tentative. 

Proceed as directed under VIII, 18. 

59 TOTAL ASH.— TENTATIVE . 

Proceed as directed under 13. 

60 SOLUBLE AND INSOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 17. 

61 ALKALINITY OF THE SOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 18. 

62 ALKALINITY OF THE INSOLUBLE ASH.— TENTATIVE. 

Proceed as directed under 19. 

LEAD NUMBER (WINTON). -TENTATIVE. 

63 REAGENTS. 

Standard basic lead acetate solution. — Boil 430 grams of normal lead acetate and 
130 grams of litharge, for 30 minutes, or boil 560 grams of Horne’s dry basic lead 
acetate with 1 liter of water, cool, allow to settle and dilute the supernatant liquid 
to 1.25 sp. gr. To a measured amount of this solution add 4 volumes of water and 
filter if not perfectly clear. The solution should be standardized each time a set 
of determinations is made. 

If the directions for preparing the basic lead acetate are not carried out care- 
fully, the use of Horne’s dry basic lead acetate is preferable. 

64 DETERMINATION OF LEAD IN THE BLANK. 

Transfer 25 cc. of the standard basic lead acetate to a 100 cc. flask, add a few drops 
of acetic acid, and make up to the mark with water. Shake and determine lead 
sulphate in 10 cc. of the solution as directed under 65. The use of the acid is im- 
perative in this case to keep the lead in solution, when diluted with water. 

65 DETERMINATION* 

Transfer 25 grams of the sample to a 100 cc. fiaBk by means of water. Add 25 
cc. of the standard basic lead acetate and shake, fill to the mark, shake, and allow to 
stand for at least 3 hours before filtering. Pipette 10 cc. of the clear filtrate into 
a 250 cc. beaker, add 40 cc. of water and 1 cc. of concentrated sulphuric acid, shake 
and add 100 cc. of 95% alcohol. Allow to stand overnight, filter on a tared Gooch, 
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wash with 95% alcohol, dry in a water oven, and ignite in a muffle or over a Bun- 
sen burner, applying the heat gradually at first, and avoiding a reducing flame. 
Cool and weigh. Subtract the weight of lead sulphate so found from the weight of 
lead sulphate found in the blank, 64, and multiply by the factor 27.825* The use 
of this factor gives the lead number directly without the various calculations other- 
wise required. 

MALIC-ACID VALUE. 

66 Cowles Method. 14 — Tentative. 

Weigh 6.7 grams of the sample into a 200 cc. beaker, add 5 cc. of water, then 2 
cc. of a 10% calcium acetate solution and stir. Add gradually, and with constant 
stirring, 100 cc. of 95% alcohol, and agitate the solution until the precipitate Bet- 
ties, or let stand, until the supernatant liquid is clear. Filter off the precipitate 
and wash with 75 cc. of 85% alcohol. Dry the filter paper and ignite in a platinum 
dish. Add 10 cc. of N/10 hydrochloric acid and warm gently until all the lime 
dissolves. Cool and titrate back with N/10 sodium hydroxid, using methyl orange 
as an indicator. The difference in cc. divided by 10 represents the malic acid value 
of the sample. Previous to use the reagents should be tested by a blank determina- 
tion and any necessary corrections applied. 

67 METALS.— TENTATIVE. 

Proceed as directed under XII. 

SUGAR HOUSE PRODUCTS. 

SUCROSE IN BEETS. 

68 Alcohol Extraction Method ( Herzfeld Modification w ). — Tentative . 

Weigh 26 grams of the beet pulp and transfer to a 100 cc. flask with about 50 cc. 
of 90% alcohol and 3-5 cc. of basic lead acetate solution. Connect a reflux condenser 
to the flask and place on a boiling water bath for 10-15 minutes. Then pour the 
whole into a Soxhlet extractor, washing out the flask with fresh portions of 90% 
alcohol. Connect the same 100 cc. flask to the extractor, and fit the latter with 
a return condenser. Add 90% alcohol until the siphon is started and the flask is 
about three fourths full. Place the flask in a covered water bath kept at a heat 
that will allow the alcohol to boil freely. Continue the extraction for 1-4 hours, 
or until a test of the alcohol in the extractor gives no color with alpha-naphthol 
solution when tested as follows: Introduce into a test tube a few drops of the alco- 
hol coming from the extractor, add 4 or 5 drops of a 20% alcoholic alpha-naphthol 
solution and 2 cc. of water. Shake well, tip the tube, and allow 2-5 cc. of colorless 
concentrated sulphuric acid to flow down the side of the tube; then hold the tube 
upright and, if sucrose is present, a color varying from a faint to a deep violet will 
be noted at the junction of the two liquids. On shaking, the whole solution becomes 
a blue violet color. This test is suitable for this work, but it must be remembered 
that other substances besides sucrose give this color reaction. 

Remove the flask, transfer to a 100 cc. graduated flask, cool to the standard 
temperature, dilute to the mark with 90% alcohol, shake and filter, keeping the 
funnel covered with a watch glass. Polarize in a 200 mm. tube. 

Avoid evaporation and changes of temperature and also use a minimum amount 
of basic acetate for clarification, 3 cc. rather than 5 cc. By digesting the beet 
.pulp with the alcohol before extraction, the time of extraction is greatly shortened, 
the pulp becomes thoroughly' impregnated with the alcohol, and all the air is re- 
moved, resulting in a good extraction of the whole material. If the pulp is fine 
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and tends to clog the siphon, alcohol-washed cotton may be used as a plug in the 
extractor before adding the beet pulp, and a fine mesh screen may be placed over 
the pulp to keep the whole compact in the extractor. 

69 Pellet Aqueous Method li (Hot Digestion ). — Tentative. 

Weigh 52 grams of the beet cuttings and transfer them with water to a wide- 
mouthed flask graduated to a content of 201.2 cc. ; add 5-10 cc. of basic lead acetate 
solution, fill the flask to the mark with hot water, and shake. Immerse the flask 
in a water bath at 80°C. and rotate at intervals. Add water from time to time so 
that at the end of the heating (about 30 minutes) the water in the flask is a little 
above the mark. Remove the flask from the water bath and allow it to cool to 
standard temperature. Add sufficient concentrated acetic acid to make the solu- 
tion very slightly acid (generally less than 0.5 cc.) and a few drops of ether to break 
the foam. Make up to the mark, mix thoroughly, filter, and polarize in a 200 mm. 
tube. 

The fineness of the pulp governs the time of heating. Add enough water at the 
start and maintain this volume during the extraction, so that not more than 5 cc. of 
water will be necessary to complete the volume after cooling. The proportion of 
pulp to water must not be increased beyond the prescribed amount, for when smaller 
proportions of water to pulp are used and then a large quantity of water is added at 
the last to make up to volume, the sugar does not become equally diffused and the 
results are too low. Differences of over 1% in sugar content may be caused by lack 
of care in this particular. 

70 Hot Water Digestion Method. — Tentative. 

(Herzfeld Modification of the Sachs Le Docte Method 17 .) 

There are needed nickel -plated sheet iron vessels, 11 cm. high, 6 cm. body diame- 
ter, and 4 cm. mouth diameter, also stoppers covered with tin foil to fit the same. 

Weigh 26 grams of the beet pulp on a watch glass (small enough to go into the 
neck of the beaker) and transfer to the metal beaker, add 177 cc. of dilute basic 
lead acetate solution (5 parts of basic lead acetate solution (sp. gr. 1.25) to 100 
parts of water), shake and stopper lightly. Submerge the beaker in a water bath 
at 75°-80°C. for 30 minutes, shaking intermittently. When all the air has been 
expelled (generally after 5 minutes), tighten the stopper. After 30 minutes, shake, 
cool to standard temperature, filter, add a drop of acetic acid to the filtrate and 
polarize in a 400 mm. tube. The reading is the per cent of sugar in the beet pulp. 
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X. FOOD PRESERVATIVES-— TENTATIVE. 

SALICYLIC ACID. 

1 PREPARATION OF SAMPLE. 

(a) Non-alcoholic liquids . — Many liquids may be extracted directly as described 
in 2 or 4 without further treatment. If gums or mucilaginous substances are present, 
pipette 100 cc. into a 250 cc. volumetric flask, add about 5 grams of sodium chlorid, 
shake until the latter is dissolved, make up to the mark with alcohol, shake vigor- 
ously, allow the mixture to stand for 10 minutes with occasional shaking, filter 
through a dry folded filter and treat an aliquot of the filtrate as directed under (b). 

(b) Alcoholic liquids . — Make 200 cc. of the sample alkaline with sodium hydroxid 
solution, using litmus as an indicator, and evaporate on a steam bath to about one 
third its original volume. Dilute to the original volume with water and filter, if 
necessary, through a dry filter. 

(C) Solid or semi-solid substances. — Grind the sample and mix thoroughly. Trans- 
fer a convenient quantity (50-200 grams according to the consistency of the sam- 
ple) to a 500 cc. volumetric flask, add sufficient water to make a volume of about 
400 cc., shake until the mixture becomes uniform, add 2-5 grams of calcium chlorid, 
shake until the latter is dissolved, render distinctly alkaline with sodium hydroxid 
solution, using litmus as an indicator, fill to the mark with water, Bhake thoroughly, 
allow to stand for at least 2 hours shaking frequently and filter through a large 
folded filter. 

DETECTION AND ESTIMATION. 

2 Ferric Chlorid Test. — Qualitative. 

Introduce 50 cc. of the sample or an equivalent amount of an aqueous extract, 
prepared as directed under 1 , into a separatory funnel, add one tenth its volume 
of dilute hydrochloric acid (1 to 3) and extract with 50 cc. of ether. If the mixture 
emulsifies, add 10-15 cc. of petroleum ether (b. p. below 60°C.) and shake. If this 
treatment fails to break the emulsion whirl the mixture in a centrifuge, or allow it 
to stand until a considerable portion of the aqueous layer has separated, run off 
the latter, shake vigorously and again allow to separate. Wash the ether layer 
with two 5 cc. portions of water, evaporate the greater portion of the ether in a por- 
celain dish on a steam bath, allow the remainder to evaporate spontaneously and 
add a drop of 0.5% ferric chlorid solution. A violet color indicates salicylic acid. 

If coloring matter or other interfering substances are present in the residue 
left after evaporation of the ether, purify the salicylic acid by one of the following 
methods: 

(a) Dissolve the residue from the ether extract, obtained as directed above, 
in about 25 cc. of ether, transfer the latter to a separatory funnel and shake with 
an equal quantity of water, made distinctly alkaline with several drops of am- 
monium hydroxid. Allow to separate, filter the aqueous layer through a wet fil- 
ter into a porcelain dish, evaporate almost to dryness, and test the residue as directed 
above. 

(b) Dry the residue from the ether extract, obtained as directed above, in a 
desiccator over sulphuric acid and extract with several 10 cc. portions of carbon 
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disulphid or petroleum ether (b. p. below 0O°C.), rubbing the contents of the dish 
with a glass rod, and filtering the successive portions of the solvent through a dry 
paper into a second porcelain dish. Evaporate the greater portion of the solvent 
on a steam bath, allow the remainder to evaporate spontaneously and test the 
residue as directed above. 

(C) Transfer the residue from the ether extract, obtained as directed above, 
to a small porcelain crucible by means of a few cc. of ether and allow the solvent 
to evaporate spontaneously. Cut a hole in a piece of asbestos board sufficiently 
large to admit about two thirds of the crucible, cover the latter with a small, round- 
bottomed flask filled with cold water, and heat over a small Bunsen flame until 
any salicylic acid present has sublimed and condensed upon the bottom of the 
flask. Test the sublimate as directed above. 

8 Jomsen’s Test. 1 — Qualitative . 

Dissolve the residue from the ether extract, obtained as directed under 2, or, 
in case impurities are present, the purified material obtained as directed under 2 
(a), (b) or (C) in a little hot water. Cool 10 cc. of the solution in a test tube, add 
4 or 5 drops of 10% potassium nitrite solution, 4 or 5 drops of 60% acetic acid and 
1 drop of 10% cupric sulphate solution, mix thoroughly and heat to boiling. Boil 
for half a minute and allow to stand for 1-2 minutes. In the presence of salicylic 
acid a blood red color will develop. 

Colorimetric Method . — Quantitative. 

4 EXTRACTION. 

Pipette a convenient portion of the sample (100 cc. or a volume representing not 
less than 20 grams of the original sample) or a solution, prepared as in 1 , into a sepa- 
ratory funnel, make the solution neutral to litmus with dilute hydrochloric acid 
(1 to 3) and add an excess of concentrated hydrochloric acid equivalent to 2 cc. 
of acid for each 100 cc. of solution. Extract with 4 separate portions of ether, 
using for each extraction a volume of ether equivalent to half the volume of the 
aqueous layer. If an emulsion forms on shaking, this may usually be broken by 
adding a little (one fifth the volume of the ether layer) petroleum ether (b. p. be- 
low 60°C.) and shaking again or by centrifugalizing. If an emulsion still persists, 
allow it to remain with the aqueous layer. If an emulsion remains after the 
fourth extraction, separate it from the clear ether and the clear aqueous layer 
and extract it separately with 2-3 small portions of ether. Combine the ether 
extracts, wash with one tenth their volume of water, allow the layers to separate 
and reject the aqueous layer. Wash in this way until the aqueous layer after sepa- 
ration yields a yellow color upon the addition of methyl orange and 2 drops of N/10 
sodium hydroxid. Distil slowly the greater part of the ether, transfer the remainder 
to a porcelain dish and allow the ether to evaporate spontaneously. If there are 
no interfering substances present, proceed as directed in S. If such interfering 
substances are present, purify the residue by one of the following methods: 

(a) Dry thoroughly the residue in vacuo over sulphuric acid and extract with 
10 portions of 10-15 cc. each of carbon disulphi4 or petroleum ether (b. p. below 
00°C.), rub the contents of the dish with a glass rod and filter the successive portions 
of the solvent through a dry filter into a porcelain dish. Test the extracted resi- 
due with a drop of ferric alum solution and, if it gives a reaction for salicylic acid, 
dissolve it in water and reextract with ether, proceeding as directed above. Dis- 
til the greater portion of the carbon disulphid or petroleum ether and allow the 
remainder to evaporate spontaneously. Proceed as directed in S. 
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(b) Dissolve the residue in 40-50 cc. of ether. Transfer the ether solution to 
a separatory funnel and extract with 3 successive 15 cc. portions of 1% ammonium 
hydroxid. (If fat is known to be present in the original ether extract, extract the 
latter directly with 4 portions of the ammonium hydroxid instead of 3.) Combine 
the alkaline aqueous extracts, acidify, again extract with ether and wash the com- 
bined ether extracts as directed above. Distil slowly the greater portion of the 
ether, allow the remainder to evaporate spontaneously and proceed as directed in 5 . 

5 DETERMINATION. 

Dissolve the residue, obtained in 4, in a small amount of hot water and, after 
cooling, dilute to a definite volume (usually 50-100 cc.), dependent on the amount 
of salicylic acid present. If the solution is not clear, filter through a dry filter. 
Dilute aliquots of the solution and treat with a few drops of 0.5% ferric chlorid 
solution or 2% ferric alum solution. 

The ferric alum solution should be boiled until a precipitate appears, allowed to 
settle, and filtered. The acidity of the solution is slightly increased in this manner, 
but it remains clear for a considerable time, and the turbidity caused by its dilution 
with water is much less and does not appear as soon as when the unboiled solution 
is used. This turbidity interferes with the exact matching of the color. 

Compare the colors developed with that obtained when a standard salicylic acid 
solution (containing 1 mg. of salicylic acid in 50 cc.) is similarly treated, using 
Nessler tubes or a colorimeter. In either case, and especially with ferric chlorid, 
avoid an excess of the reagent, although an excess of 0.5 cc. of 2% ferric alum solu- 
tion may be added to 50 cc. of the comparison solution of salicylic acid without 
impairing the results. 


BENZOIC ACID. 

PREPARATION OF SAMPLE. 

6 General Method . 

If solid or semi-solid, grind the sample, and mix thoroughly. Transfer about 
150 grams to a 500 cc. graduated flask, add enough pulverized sodium chlorid to 
saturate the water in the sample, render alkaline with sodium hydroxid solution 
or milk of lime, and dilute to the mark with a saturated salt solution. Allow to 
stand for at least 2 hours, with frequent shaking, and filter. If the sample contains 
large amounts of matter precipitable by salt solution, it is advisable to follow a 
method similar to that given under 7 (I). When alcohol is present, follow the 
method given under 7 (C). When large amounts of fats are present, make an 
alkaline extraction of the filtrate before proceeding as directed under 11 . 

7 Special 1 r ethods. 

(a) Ketchup , — Saturate the water in 150 grams of ketchup by adding 15 grams of 
pulverized sodium chlorid. Transfer the mixture to a 500 cc. graduated flask, rins- 
ing with about 150 cc. of saturated sodium chlorid solution. Make slightly alkaline 
to litmus paper with strong sodium hydroxid solution and fill to the mark with satu- 
rated salt solution. Allow to stand for at least 2 hours, shaking frequently. 
Squeeze through a heavy muslin bag and then filter through a large folded filter. 

(b) Jellies, jams , preserves and ma malades , — Dissolve 150 grams of the sam- 
ple in about 300 cc. of saturated salt solution. Add 15 grams of pulverized sodium 
chlorid. Make alkaline to litmus paper with milk of lime. Transfer to a500cc. 
graduated flask and dilute to the mark with saturated salt solution. Allow to 
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stand format least 2 hours, shaking frequently, centrifugalize if necessary, and 
filter through a large folded filter, 

(C) Cider containing alcohol , and similar products.— Make 250 cc. of the sample 
alkaline to litmus paper with sodium hydroxid solution and evaporate on the steam 
bath to about 100 cc. Transfer the sample to a 250 cc, graduated flask, add SO grams 
of pulverised sodium chlorid and shake until dissolved. Dilute to the original 
volume, 250 cc., with saturated salt solution, allow to stand for at least 2 hours, 
shaking frequently, and filter through a folded filter. 

(d) Salted or dried fish.— Wash 50 grams of the ground sample into a 500 cc. gradu- 
ated flask with water. Make slightly alkaline to litmus paper with strong sodium 
hydroxid solution and dilute to the mark with water. Allow to stand for at least 
2 hours, shaking frequently, and then filter through a folded filter. Pipette accu- 
rately as large a portion of the filtrate as possible (at least 300 cc.) into a second 
500 cc. flask. Add 30 grams of the pulverized sodium chlorid for each 100 cc. of 
solution. Shake until the salt has dissolved and dilute to the mark with saturated 
salt solution. Mix thoroughly and filter off the precipitated protein matter on 
a folded filter. 

6 detection and estimation. 

Extract r benzoic acid as directed under 2 or 4 . If benzoic acid is present in 
considerable quantity, it will crystallize from the ether in shining leaflets having 
a characteristic odor on heating. Dissolve the residue in hot water, divide into 
2 portions, and test according to 9 or 10 . 

9 Ferric Chlorid Test.— Qualitative. 

Make the solution from 8 alkaline with ammonium hydroxid, expel the excess of 
ammonia by evaporation, dissolve the residue in water, and add a few drops of a 
neutral 0.5% ferric chlorid solution. A brownish precipitate of ferric benzoate 
indicates the presence of benzoic acid. 

10 Modified Mohler Test.*— Qualitative. 

Add to the water solution, prepared as described under 8, 1-3 cc. of N/3 sodium 
hydroxid and evaporate to dryness. To the residue, add 5-10 drops of concentrated 
sulphuric acid and a small crystal of potassium nitrate. Heat for 10 minutes in 
a glycerol bath at 120°-130°C., or for 20 minutes in a boiling water bath. The 
temperature must not exceed 130°C. After cooling add 1 cc. of water and make 
distinctly ammoniacal ; boil the solution to decompose any ammonium nitrite which 
may have been formed. Cool and add a drop of fresh, colorless ammonium sulphid, 
without allowing the layers to mix. A red-brown ring indicates benzoic acid. 
On mixing, the color diffuses through the whole liquid and, on heating, finally changes 
to greenish yellow. This differentiates benzoic acid from salicylic acid or cinnamic 
acid. The last two form colored compounds, which are not destroyed by heating. 
The presence of phenolphthalein interferes with this test. 

1 1 Quantitative Method . 

Pipette a convenient portion (100-200 cc.) of the filtrate, obtained in 6 or 7 , into a 
separatory funnel. ^neutralize the solution to litmus paper with hydrochloric 
acid (1 to 3) and add an excess of 5 cc. of the same acid. In the case of salted fish 
a precipitation of protein matter usually occurs on acidifying, but the precipitate 
does not interfere with the extraction. Extract carefully with chloroform, using 
successive portions of 70, 50, 40, and 30 cc. To avoid an emulsion, shake cautiously 
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each time. The chloroform layer usually separatee readily after standing a few 
minutes. If an emulsion forms, break it: (1) by stirring the chloroform layer with 
a glass rod; (2) by drawing it off into a second funnel and giving 1 or 2 sharp shakes 
from one end of the funnel to the other; or (3) by centrifugalizing fora few moments. 
As this is a progressive extraction, draw off carefully as much of the clear chloro- 
form solution as possible after each extraction, but do not draw off any of the emul- 
sion with the chloroform layer. If this precaution is taken, the chloroform extract 
need not be washed. 

Transfer the combined chloroform extracts to a porcelain evaporating dish, 
rinse the container several times with a few cc. of chloroform, and evaporate to 
dryness at room temperature in a current of air dried over calcium chlorid. 

The extract may also be transferred from the separatory funnel to a 300 cc. Erlen- 
meyer flask, rinsing the separatory funnel 3 times with 5-10 cc. of chloroform. Dis- 
til very carefully to about one fourth the original volume, keeping the temperature 
down so that the chloroform comes over in drops, not in a steady stream. Then 
transfer the residue to a porcelain evaporating dish, rinsing the flask 3 times with 
5-10 cc. portions of chloroform, and allow to evaporate to dryness spontaneously. 

Dry the residue overnight (or until no odor of acetic acid can be detected if the 
product is a ketchup) in a desiccator containing sulphuric acid. Dissolve the resi- 
due of benzoic acid in 30-50 cc. of neutral alcohol, add about one fourth this volume 
of water, 1 or 2 drops of phenolphthalein, and titrate with N/20 sodium hydroxid 
(1 cc. is equivalent to 0.0072 gram of anhydrous sodium benzoate). 

SACCHARIN. 

12 Qualitative Test. 

Extract with ether (after maceration and exhaustion with water, if necessary), 
as directed in 1 and 4 . Allow the ether extract to evaporate spontaneously and 
note the taste of the residue. The presence of saccharin, to the extent of 20 mg. 
per liter, is indicated by a sweet taste. Confirm by heating with sodium hydroxid, 
as described below, and detecting the Balicylic acid formed thereby. A sweet taste, 
suggesting^ the presence of a trace of saccharin, has been obtained frequently in 
saccharin-free wines, due to the so-called “false saccharin”. 

Acidify 50 cc. of a liquid food or the aqueous extract of 50 grams of a solid or semi- 
solid, prepared as directed in 1 (C), and extract with ether as directed in 13. Dis- 
solve the residue, remaining after evaporation of the ether, in a little hot water 
and test a small portion of this solution for salicylic acid as directed under 2 or 3 . 
Dilute the remainder of the solution to about 10 cc., and add 2 cc. of sulphuric 
acid (1 to 3). Heat to boiling and add a slight excess of 5% potassium perman- 
ganate solution, drop by drop; partly cool the solution, dissolve a piece of sodium 
hydroxid in it, and filter the mixture into a silver dish (silver crucible lids are well 
adapted to the purpose); evaporate to dryness and heat for 20 minutes at 210°- 
215°C. Dissolve the residue in water, acidify with hydrochloric acid and test the 
ether extract for salicylic acid as directed under 2 or 3 . By this method all the 
so-called “false saccharin” and the salicylic acid naturally present (also added 
salicylic acid when not present in too large an amount) are destroyed, while 5 mg. 
of saccharin per liter are detected with certainty. 

13 Quantitative Method. 

Pipette 100 co. of the sample, or a convenient portion of a solution, prepared 
as directed under 1, representing not less than 20 grams of the sample, into a sepa- 
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ratory funnel, make the solution neutral to litmus with dilute hydroehlorie acid 
(1 to 3) and then add concentrated hydrochloric acid in the proportion of 5 cc. for 
each 100 cc. of solution. Extract with 4 separate portions of ether using, for each 
extraction, a volume of ether equivalent to half the volume of the aqueous layer. 
If the mixture emulsifies on shaking, this difficulty may be overcome as direoted 
under 4 . Wash the combined ether extracts with two 5 cc. portions of water, re- 
move the ether by distillation, and transfer the residue into a platinum crucible 
by means of a small amount of ether. Evaporate the ether on a steam bath, add 
about 2-3 cc. of 10% sodium carbonate solution to the residue, rotate so that all 
of the residue is brought into contact with the solution, and evaporate to dryness 
on a steam bath. Add 4 grams of a mixture of equal parts of anhydrous sodium and 
potassium carbonates, heat gently at first, and then to complete fusion for 30 minutes 
over an alcohol or other sulphur-free flame. Cool, dissolve the melt in water, acidify 
with hydrochloric acid and determine the sulphate present as barium sulphate. 
Correct the result thus obtained for any sulphur present in the fusion mixture as 
found in a blank determination. Calculate the amount of saccharin in the sample 
by multiplying the weight of barium sulphate by 0.7845. 

BORIC ACID AND BORATES. 

14 Qualitative Test. 1 

Preliminary test . — Immerse a strip of turmeric paper in the sample acidified 
with hydrochloric acid in the proportion of 7 cc. of concentrated acid to each 100 
cc. of sample, and allow the paper to dry spontaneously. If borax or boric acid is 
present, the paper will acquire a peculiar red color, changed by ammonium hydroxid 
to a dark blue-green but restored by acid. Solid or pasty samples may be heated 
with enough water to make them sufficiently fluid, concentrated hydrochloric acid 
added in about the proportion of 1 to 13 and the liquid tested in the same way. 

Confirmatory test.— Make about 25 grams of the sample decidedly alkaline with 
lime water and evaporate to dryness on a water bath. Ignite the residue to de- 
stroy organic matter. Digest with about 15 cc. of water, add concentrated hydro- 
chloric acid, drop by drop, until the ignited residue is dissolved, and then add 1 cc. 
in exoess. Saturate a piece of turmeric paper with the solution, and allow it to 
dry without the aid of heat. In the presence of borax or boric acid, the color change 
will be the same as given above. 

1 5 Quantitative Method . 4 

Make 10-100 grams of the sample (depending upon the nature of the sample 
and the amount of boric acid present) distinctly alkaline with sodium hydroxid 
solution and evaporate to dryness in a platinum dish. Ignite the residue until 
organic matter is destroyed, avoiding an intense red heat, cool, digest with about 
20 cc. of hot water, and add hydrochloric acid, drop by drop, until the reaction is 
distinctly acid. Filter into a 100 cc. flask, and wash with a little hot water, the 
volume of the filtrate not to exceed 50-60 cc. Return the filter containing any 
unburned carbon to the platinum dish, make alkaline by wetting thoroughly with 
lime water, dry on a steam bath and ignite to a white ash. Dissolve the ash in 
a few cc. of dilute hydrochloric acid and add to the liquid in the 100 cc. flask, rins- 
ing the dish with a few cc. of water. To the combined solutions, add 0.5 gram of 
calcium chlorid and a few drops of phenolphthalein, then 10% sodium hydroxid 
solution until a permanent light pink color is produced, and finally dilute to 
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the mark with lime water. Mix and filter through a dry filter. To 50 cc. of the 
filtrate add N/l sulphuric acid until the pink color disappears, then add methyl 
orange, and continue the addition of the acid until the yellow color is changed to 
pink. Boil for about 1 minute to expel carbon dioxid. Cool, and carefully add 
N/5 sodium hydroxid until the liquid assumes a yellow tinge, avoiding an excess 
of the alkali. All the boric acid is now in a free state with no uncombined sulphuric 
acid present. Add a little phenolphthalein, and an equal volume of neutral glycerol. 
Titrate with N/5 sodium hydroxid until a permanent pink color is produced. About 
10 grams of mannitol may be substituted for the glycerol in this determination. 
At the end of the titration add an additional 2 grams and continue the titration if 
the pink color is discharged. Repeat the alternate addition of mannitol and alkali 
until a permanent end point is reached. 

One cc. of N/5 sodium hydroxid is equivalent to 0.0124 gram of boric acid. 

FORMALDEHYDE. 

16 PREPARATION OF SAMPLE. 

If solid or semi-solid, macerate 200-300 grams of the material with about 100 cc. 
of water in a mortar. Transfer to a short-necked, 500-800 cc. copper or glass dis- 
tillation flask and make distinctly acid with phosphoric acid, connect with a con- 
denser and distil 40-50 cc. In the case of highly colored liquids, the same method 
of preparation should be employed. 

In the case of meats and fats, extract the formaldehyde with alcohol and use the 
filtrate. In the case of fat, heat the mixture above the melting point of the fat to 
insure thorough extraction. In the case of milk, shake with an equal volume of 
strong alcohol and use the filtrate. Shake other liquids with an equal volume of 
strong alcohol and filter from any insoluble matter. 

QUALITATIVE TESTS. 

1 7 Phenylhydrazin Hydrochloric Method . * 

Mix 5 cc. of the distillate, as prepared under 16, or of an alcoholic solution or 
extract obtained as directed above, with 0.03 gram of phenylhydrazin hydrochlorid, 
and 4 or 5 drops of a 1% ferric chlorid solution. Add slowly and with agitation, 
in a bath of cold water to prevent heating the liquid, 1-2 cc. of concentrated sul- 
phuric acid. Dissolve the precipitate by the addition either of concentrated sul- 
phuric acid (keeping the mixture cool) or alcohol. In the presence of formaldehyde 
a red color develops. 

This method gives reliable reactions for formaldehyde in solutions of formalde- 
hyde varying from 1 part in 50,000 to 1 part in 150,000. Acetaldehyde and bons- 
ai dehyde give no reaction when treated by this method and do not interfere with 
the reaction given by formaldehyde. 

18 Hehner Method} 

Mix about 5 cc. of the distillate, obtained in 16, with an equal volume of pure 
milk, or a 1-2% solution of egg albumen, in a test tube and underlay with strong 
commercial sulphuric acid without mixing. A violet or blue color at the junction 
of the two liquids indicates formaldehyde. This color is given only in the presence 
of a trace of ferric chlorid or other oxidizing agent. As pointed out by Hehner, 
milk may be treated directly by this method and gives positive tests in the presence 
of 1 or more parts of formaldehyde per 10,000. Some other articles of food rich 
in proteins, for example, egg albumen, give the reaction in the presence of water 
without the addition of milk. 
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19 

Leach Method. 



Mix about 5 co. of the distillate, obtained under IB, with an equal volume of pure 
milk in a porcelain casserole and add about 10 co. of concentrated hydrochloric 
acid, containing 1 cc. of 10% ferric chlorid solution, to each 500 co. of acid. Heat 
to 80°-90 6 C. directly over the gas flame, rotating the casserole to break up the curd. 
A violet coloration indicates formaldehyde. 

Rimini Method . 7 

20 Phenylhydrazin Hydrochlorid and Sodium Nitro-prussid Test. 

This method may be applied directly to liquid foods, to an aqueous or alcoholic 
extract of solid foods, or to the distillate prepared as directed in 16. In the case 
of milk, apply the method directly. In the case of meat, comminute the sample, 
extract with 2 volumes of hot water, and employ the expressed liquid for the test. 
Heat fats above their melting point with 10 cc. of alcohol, shake thoroughly, cool, 
Alter through a moistened filter, and use the filtrate for the test. 

Dissolve a lump of phenylhydrazin hydrochlorid about the size of a pea in 3-5 
cc. of the liquid to be tested, add 2-4 drops (not more) of a 5-10% sodium nitro- 
prussid solution and 8-12 drops of an approximately 12% sodium hydroxid solution. 
If formaldehyde is present, a green or blue color develops depending upon the 
amount. When formaldehyde is present to the extent of more than 1 part in 70,000- 
90,000 in the solution tested, a distinct green or bluish green reaction is obtained. 
In more dilute solutions the green tint becomes less marked and a yellow tinge tend- 
ing toward greenish brown develops. 

With this method acetaldehyde and benzaldehyde give a color varying from 
red to brown, according to the strength of the solution. A reaction may there- 
fore be obtained with these aldehydes similar to that obtained with formaldehyde 
in solutions more dilute than 1 part in 70,000. The presence of acetaldehyde or 
benzaldehyde together with formaldehyde gives a yellowish or yellowish green 
tinge. The reaction for formaldehyde may therefore be masked by the presence 
of other aldehydes, but is characteristic when a clear green color is obtained. 

21 Phenylhydrazin Hydrochlorid and Potassium Ferricyanid Test. 

Proceed as directed in 20, substituting a solution of potassium ferricyanid for 
the sodium nitro-prussid. Formaldehyde gives a red color. Alcoholic extracts 
from foods must be diluted with water to prevent the precipitation of potassium 
ferricyanid. The test is not applicable in the presence of the coloring matter of 
blood. I 

22 Phenylhydrazin Hydrochlorid and Ferric Chlorid Test . 

Treat 15 cc. of milk or other liquid food or of the distillate, prepared as directed 
under 16, with 1 cc. of a dilute phenylhydrazin hydrochlorid solution, then with 
a few drops of dilute ferric chlorid solution and, finally, with concentrated hydro- 
chloric acid. The presence of formaldehyde is indicated by the formation of a 
red color, which changes after some time to orange yellow. 

Milk may be examined directly by this method, but more delicate tests may be 
obtained from the distillate from milk or from milk serum. Acetaldehyde or benz- 
aldehyde does not interfere with the reaction. 
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23 Phloroglucol Method .• 

To 10 cc. of milk or other liquid food under examination in a test tube add, by 
means of a pipette, 2 cc. of phloroglucol reagent (1 gram of phloroglucol, 20 grams of 
sodium hydroxid and water to make 100 cc.), placing the end of the pipette on the 
bottom of the tube in such a manner that the reagent will form a separate layer. 

If formaldehyde be present, a bright red coloration (not purple) forms at the 
sone of contact. This solution gives a yellow color in the presence of some alde- 
hydes, and, if it is used for the detection of aldehyde formed by the oxidation of 
methyl alcohol after the destruction of ethyl aldehyde with hydrogen peroxid, an 
orange yellow color will slowly appear when an insufficient amount of hydrogen 
peroxid has been employed. On the other hand, if the excess of hydrogen 
peroxid is not fully destroyed before the use of this reagent, a purple color develops 
slowly. The clear, red color given by the use of this reagent forms quickly, and, 
in the presence of but a small amount of formaldehyde fades rapidly. 

FLUORIDS. 

QUALITATIVE TESTS . 

24 Method I . — Modified Method of Blarez . 9 

Thoroughly mix the sample and boil 160 cc. (in the case of solid foods an aqueous 
extract may be employed provided the fluorids are in a soluble form). Add to the 
boiling liquid 5 cc. of 10% potassium sulphate solution and 10 cc. of 10% barium 
acetate solution. Collect the precipitate in a compact mass (a centrifuge may be 
used advantageously) and wash upon a small filter. Transfer to a platinum crucible 
and ignite. 

Dip a carefully cleaned glass plate, while hot, in a mixture of equal parts of Car- 
natiba wax and paraffin and allow to cool. Make, with a sharp instrument, a dis- 
tinctive mark through the wax, taking care not to scratch the surface of the glass. 

Add a few drops of concentrated sulphuric acid to the residue in the crucible 
and cover with the waxed plate, having the mark nearly over the center and mak- 
ing sure that the edge of the crucible is in close contact with it. Keep the top sur- 
face of the plate cool by means of a suitable device and heat the crucible for an hour 
at as high a temperature as practicable without melting the wax (an electric stove 
gives the most satisfactory form of heat). 

If fluorids be present, a distinct etching will be apparent on the glass where it 
was exposed. 

25 Method II. 

The preceding method may be varied by mixing a small amount of precipitated 
silica with the precipitated barium fluorid and applying the method for the detection 
of fluosilicates, under 27 or 28. 

This method is of value in the case of foods whose ash contains a considerable 
amount of silica. Under these circumstances, concentrated sulphuric acid liber- 
ates silicon fluorid, which would escape detection under 24. 

FLUOBORATES AND FLUOSILICATES. 

28 PREPARATION OF SAMPLE. 

Make about 200 grams of the sample alkaline with lime water, evaporate to dry- 
ness, and incinerate. Extract the crude ash with water, to which sufficient acetic 
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acid has been added to decompose carbonates, filter, ignite the insoluble portion, 
extract with dilute acetic acid, and again filter. The insoluble portion now con- 
tains calcium silicate and fluorid, while the filtrate will contain all the boric acid 
present. 

QUALITATIVE TESTS. 

27 Method 

Incinerate the filter, from 26 , containing the insoluble portion, mix with a little 
precipitated silica, transfer to a short test tube, attached to a small U-tube contain- 
ing -a few drops of water and add 1-2 cc. of concentrated sulphurio acid. Keep 
the test tube in a beaker of water on the steam bath for 30-40 minutes. If any 
fluorin be present, the silicon fluorid generated will be decomposed by the water 
in the CJ-tube and will form a gelatinous deposit on the walls of the tube. 

Next test the filtrate as directed under 14 . If both hydrofluoric and boric acids 
be present, it is probable that they are combined as borofluorid. If, however, 
silicon fluorid is detected and not boric acid, the operation should be repeated with- 
out the introduction of the silica, in which case the formation of the silicon skeleton 
is conclusive evidence of the presence of fluosilicate. In an ash containing an ap- 
preciable amount of silica, sulphuric acid will liberate silicon fluorid rather than 
hydrofluoric acid. The presence of a fluosilicate is indicated, therefore, and not 
the presence of a fluorid. 

28 Method II. 

Incinerate the filter, from 26 , containing the insoluble portion, in a platinum 
crucible, mix with a little precipitated silica, and add 1 cc. of concentrated sul- 
phuric acid. Cover the crucible with a watch glass, from the underside of which 
a drop of water is suspended, and heat for an hour at 70°-80°C., keeping the watch 
glass cooled. The silicon fluorid which is formed is decomposed by the water, leav- 
ing a gelatinous deposit of silica and etching a ring at the periphery of the drop 
of water. Test the filtrate for boric acid as directed under 1 4. 

SULPHUROUS ACID. 

29 Qualitative Test. 11 

Add some sulphur-free zinc, and several cc. of hydrochloric acid to about 25 
grams of the sample (with the addition of water, if necessary) in a 200 cc. Erlen- 
meyer flask. In the presence of sulphites, hydrogen sulphid will be generated 
and may be detected with lead acetate paper. Traces of metallic sulphids are 
occasionally present in vegetables, and will give the same reaction as sulphites 
under the conditions of the above test. Positive results obtained by this method 
should be verified by the distillation method under 30 . 

It is always advisable to make the quantitative determination of sulphites, 
owing to the danger that the test may be due to traces of sulphids. A trace is not 
to be considered sufficient indication of the presence of sulphur dioxid either as a 
bleaching agent or as a preservative. 

TOTAL SULPHUROUS ACID. 

30 Method I. — Distillation Method. 

Distil 20-100 grams of the sample (adding recently boiled water if necessary) 
in a current of carbon dioxid, after the addition of about 5 cc. of a 20% glacial phos- 
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phoric acid solution, until 150 cc. have passed over. Collect the distillate in about 
100 cc. of nearly saturated bromin water, allowing the end of the condenser to dip 
below the surface. The method and apparatus may be simplified without material 
loss in accuracy by omitting the current of carbon dioxid, adding 10 cc. of phosphoric 
acid instead of 5 cc., and dropping into the distillation flask, immediately before 
attaching the condenser, a piece of sodium bicarbonate weighing not more than 
1 gram. The carbon dioxid liberated is not sufficient to expel the air entirely from 
the apparatus, but will prevent oxidation to a large extent. When the distillation 
is finished, boil off the excess of bromin, dilute the solution to about 250 cc., add 5 
cc. of hydrochloric acid (1 to 3), heat to boiling, and precipitate the sulphuric acid 
with 10% barium chlorid solution. Boil for a few minutes longer, allow to stand 
overnight in a warm place, filter on a weighed Gooch, wash with hot water, ignite 
at a dull red heat, and weigh as barium sulphate. 

31 Method II.— Direct Titration Method . 

In the examination of wine, fairly accurate results may be obtained by the fol- 
lowing method: 

Place 25 cc. of 5.6% potassium hydroxid solution in a 200 cc. flask. Introduce 
50 cc. of the sample, mix with the potassium hydroxid solution, and allow the mix- 
ture to stand for 15 minutes with occasional agitation. Add 10 cc. of sulphuric acid 
(1 to 3) and a few cc. of starch solution, and titrate the mixture with N/50 iodin solu- 
tion. Introduce the iodin solution as rapidly as possible and continue the addition 
until the blue color persists for several minutes. One cc. of N/50 iodin is equiva- 
lent to 0.00064 gram of sulphur dioxid. 

DETERMINATION OF FREE SULPHUROUS ACID. 

32 (Especially Adapted to Wine.) 

Treat 50 cc. of the sample in a 200 cc. flask with about 5 cc. of sulphuric acid 
( 1 to 3) add about 0.5 gram of sodium carbonate to expel the air, and titrate the sul- 
phurous acid with N/50 iodin, as directed under 31 . 

BBTA-NAPHTHOL. 

33 Qualitative Test . 

Extract 200 cc. of the sample, or of its aqueous extract, prepared as directed 
under 1 (C), with 10 cc. of chloroform in a separatory funnel. To the chloroform 
extract in a test tube add a few drops of alcoholic potash, and place in a boiling 
water bath for 2 minutes. The presence of beta-napthol is indicated by the forma- 
tion of a deep blue color, which changes to green and then to yellow. 

ABRASTOL. 

QUALITATIVE TESTS. 

34 Sinihaldi Method . l * 

Make 50 cc. of the sample alkaline with a few drops of ammonium hydroxid and 
extract with 10 cc. of amyl alcohol, adding ethyl alcohol if an emulsion is formed. 
Decant the amyl alcohol, filter if turbid, and evaporate to dryness. Add to the 
residue 2 cc. of nitric acid (1 to 1), heat on the water bath until half of the liquid 
is evaporated, and transfer to a test tube with the addition of 1 cc. of water. Add 
about 0.2 gram of ferrous sulphate and an excess of ammonium hydroxid, drop by 
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drop, with constant shaking. If the resultant precipitate is of a .reddish color, 
dissolve it in a few drops of sulphuric acid, and add ferrous sulphate and ammonium 
hydroxid as before. As soon as a dark colored or greenish precipitate is obtained, 
introduce 5 cc. of alcohol, dissolve the precipitate in sulphuric acid, shake well and 
filter. In the absence of abrastol this method gives a colorless or light yellow liquid, 
while a red color is produced in the presence of 0.01 gram of abrastol. 

35 Sangli-Ferrihre Method. 19 

Boil 200 cc. of the sample with 8 cc. of concentrated hydrochloric acid for an 
hour in a flask fitted with a reflux condenser. Abrastol is thus converted into beta* 
naphthol and is detected as directed under 33. 

SUCROL OR DULCIN. 

QUALITATIVE TESTS. 

36 Morpurgo Method. 14 

Evaporate about 100 cc. of the sample, or of the aqueous extract prepared as 
directed under 1 (C) and neutralized with acetic acid, to a sirupy consistency after 
the addition of about 5 grams of lead carbonate, and extract the residue several 
times with 90% alcohol. Evaporate the alcoholic extract to dryness, extract the 
residue with ether, and allow the ether to evaporate spontaneously in a porcelain 
dish. Add 2 or 3 drops each of phenol and concentrated sulphuric acid and heat 
for about 5 minutes on the water bath, cool, transfer to a test tube.and overlay with 
ammonium hydroxid or sodium hydroxid solution with the least possible mixing. 
The presence of dulcin is indicated by the formation of a blue color at the zone of 
contact. 

37 Jori88en Method . u 

Suspend the residue from the ether extract obtained as directed above in about 
5 cc. of water; add 2-4 cc. of an approximately 10% solution of mercuric nitrate, 
and heat for 5-10 minutes on the water bath. In the presence of sucrol a violet blue 
color is formed, which is changed to a deep violet on the addition of lead peroxid. 

FORMIC ACID. 

Quantitative Method. 19 

38 REAGENTS. 

(a) Sodium acetate solution. — Dissolve 50 grams of dry sodium acetate in suffi- 
cient water to make 100 cc. and filter. 

(b) Mercuric chlorid reagent. — Dissolve 100 grams of mercuric chlorid and 150 
grams of sodium chlorid in sufficient water to make 1 liter and filter. 

(C) Tartaric acid. 

(d) Barium carbonate. 

39 APPARATUS. 

The apparatus required (Fig. 6) consists of a steam generator ( S ), a 300 cc. flask 
(A) in which the sample is placed, a 500 cc. flask (B), containing a suspension of bari- 
um carbonate, a spray trap (T), a condenser, and a 1 liter graduated flask (0). 
The tip of the tube (D), leading into (B), consists of a bulb containing a number 
of small holes to break the vapor into small bubbles. 
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40 DETERMINATION. 

For thin liquids like fruit juices, use 50 cc. For heavy liquids and semi-solids 
like sirups and jams, use 50 grams diluted with 50 cc. of water. Place the sam- 
ple in the flask (A), add 1 gram of tartaric acid, and connect as shown in Fig. 6, 
the flask ( B ) having been charged previously with a suspension of 2 grams of barium 
carbonate in 100 cc. of water. If much acetic acid is present, sufficient barium 
^nate must be used so that at least 1 gram remains at the end of the operation, 
contents of flasks (A) and ( B ) to boiling and distil with steam from the 
the vapor passing first through the sample in flask (A), then through 
5 ^ion of barium carbonate in ( B ), after which it is condensed, and 
Iduated flask (C). Continue the distillation until 1 liter of dis- 
.aintaining the volume of the liquids in the flasks (A) and (B) 
as possible by heating with small Bunsen flames, and avoid- 
fcmple in the flask (A). After 1 liter of distillate has been col- 
e apparatus and filter the contents of flask (B) while hot, wash- 
jonate with a little hot water. The filtrate and washings should 
it 150 cc. If not they should be boiled down to that volume. Then 
, sodium acetate, 2 cc. of 10% hydrochloric acid, and 25 cc. of the 
j reagent. Mix thoroughly and immerse the container in a boil- 
rfig water baw steam bath for 2 hours. Then filter on a tared Gooch, wash the 
precipitate thoroughly with cold water and finally with a little alcohol. Dry in a 
boiling water oven for 30 minutes, cool, weigh, and calculate the weight of formic 
acid present by multiplying the weight of the precipitate by 0.0975. If the weight 
of mercurous chlorid obtained exceeds 1.5 grams, the determination must be re- 
peated, using more mercuric chlorid reagent or a smaller amount of sample. A blank 


96 


METHODS OF ANADTSIS 


test should be conducted with each new lot of reagents employed in the reduction, 
using ISO cc. of water, 1 ce. of 10% barium chlorid solution, 2 cc. of 10% hydrochloric 
add, 10 cc. of the sodium acetate, and 25 cc. of the mercuric chlorid reagent, heat- 
ing the mixture in a boiling water bath or steam bath for 2 hours. The weight of 
mercurous chlorid obtained in this blank test must be deducted from that obtained 
in the regular determination. 
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